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Disclaimer 


ASTEC reserves the right to make changes without further notice to any products described 
herein to improve reliability, function, or design. ASTEC does not assume any liability arising 
out of the application or use of any product cr circuit described herein; neither does it convey 
any license under its patent rights or the rights of others. ASTEC products are not authorized 
for use as components in life support devices or systems intended for surgical implant into 
the body or intended to support or sustain Ife. Buyer agrees to notify ASTEC of any such 
intended end use whereupon ASTEC will determine availability and suitability of its products 
for the intended use. ASTEC and the ASTEC logo, ., are trademarks of ASTEC 
(BSR) PLC. 
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Astec Semiconductor Division (ASD) was chartered in 1983 to design 
and manufacture high quality power management integrated circuits for 
the Astec family of power supplies. 


Extending from this charter, ASD has become power management 
specialist, developing semiconductor products optimized for the specific 
need of all customers in power supply, lighting ballast, temperature 
controllers and consumer electronic applications. Our products are built 
on modern Bipolar, BIMOS and CMOS technologies. ASD provides their 
customers products and services built to the highest standards of quality 
and reliability. 


Our goal is to provide quality, technology and predictability in our pursuit 
of customer satisfaction. a 


Gene R. Miller 
President 
Astec Semiconductor Division 
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Products contained within this data book can be ordered from: 


Astec Semiconductor 

255 Sinclair Frontage Road 
Milpitas, California 95035 USA 
Phone: 408-263-8300 
Facsimile: 408-263-8340 


Ordering Information 
Minimum engineering order: 50 pieces (product samples available upon request) 


Minimum production order: 500 pieces 
Each item ordered must appear exactly as listed in the data sheet 
F.O.B.: Milpitas, California 


Part Number Information 
XX XXXX -XX 


L Package Style 


Generic or Product Part Number 


Designator 
UC, TL, LM, and LT are industry standard second source devices 
AS are proprietary or improved devices 


Package Suffix Explanation 
Letter Designation Description 


N 8, 14, 16, 18, and 20 Lead Plastic DIP 

D 8, 14, and 16 Lead Plastic Narrow Body SOIC 

DW 16, 18, and 20 Lead Plastic Wide Body SOIC 

LP TO-92 Plastic (3 Lead) 

HP TO-237 Plastic (3 Lead, TO-92 with Top Heat Spreader) 
VS SOT-23 Plastic (8 Lead) 

S SOT-89 Plastic (3 Lead with Heat Spreader) 

G SOT-223 Plastic (3 Lead with Heat Spreader) 








Package marking provides a consistent way of identifying product types and managing lot traceability. 
All Astec products, with the exception of the SOT-23 and SOT-89 packages, are marked with product 
type, lot number, date code, and country of origin. Each assembly lot in the SOT-23 and SOT-89 
packages, receives a unique alpha-numeric code which is recorded in a data base for cross reference 
to lot number, date code, and country of origin. A complete marking format table is shown below. 


8, 14, 16, 18, and 20 
Lead Plastic DIP: 


Top- Astec Logo 
Product Name 
Lot Identificaton Code 
Bottom- Lot Identification Code 
Country of Origin 
Date Code 


8, 14, and 16 Lead Plastic 
Narrow Body SOIC: 


Top- Product Name 

Lot Identificaton Code 
Bottom- Date Code 

Country of Origin. 


16, 18, and 20 Lead Plastic 
Wide Body SOIC: 


Top- Astec Logo 
Product Name 
Lot Identificaton Code 


Bottom- Lot Identification Code 


Country of Origin 
Date Code 


TO-92/237 Plastic (3 Lead): 
Face- Astec Logo 
Product Name 
Lot Identificaton Code 
Country of Origin 
Date Code 


SOT-23 Plastic (3 Lead): 


_ Top- Log Book Code 


SOT-89 Plastic 
(3 Lead with Heat Spreader): 


Top- Product Name 
Log Book Code 


SOT-223 Plastic 
(3 Lead with Heat Spreader): 


Top- Product Name 

Lot Identificaton Code 
Bottom- Date Code 

Country of Origin 








ASD Direct 


Replacement Part 


Cherry Semiconductor 


CS384XA 
CS384X 


Hitachi 

HA17431 
HA17384 
HA17345 


Linear Techology 
LM385-1.2 
LM385-2.5 
LT1004-1.2 
LT1004-2.5 
LT1431CZ 
LT1242 

LT1243 

LT1244 

LT1245 


AS384X 
AS384X 


A431 
AS3842 
AS3843 


AS1004-1.2 
AS1004-2.5 
AS1004-1.2 
AS1004-2.5 
AS1431* 
AS3842* 
AS3843* 
AS3844* 
AS3845* 


Motorola Semiconductor 


TL431 
TL431A 
UC384X 
UC384XxA 


* Similar Device: Please consult data sheet to determine the suitability of replacement for specific applications 


A431 
A431 
AS384X 
AS384X 





P/N 


ASD Direct 


Replacement Part 


National Semiconductor 


LM431A 
LM385-1.2 
LM385-2.5 


A431 
AS1004-1.2 
AS1004-2.5 


Samsung Semiconductor 


SKA431 
KA384X 


Texas Instruments 


TL431 
TL431A 
TL1431 


LM385-1.2 
LM385-2.5 
LT1004-1.2 
LT1004-2.5 


UC384X 


vil 


A431 
AS384X 


A431 

A431 
AS1431 
AS1004-1.2 
AS1004-2.5 
AS1004-1.2 
AS1004-2.5 
AS384X 


P/N 


Unitrode 
UC384X 
UC384XA 


ASD Direct 
Replacement Part 


AS384X 
AS384X* 








Definition of Terms 
Data Sheet Identification | Product Status Definition — 


Proposed In Design This data sheet contains the design specifications 
for product development. These specifications are 
Subject to change. Further information will be pub- 
lished upon product release. 


Preliminary | First Production This data sheet contains preliminary data. Supple- 
mentary data will be published at a later date. Astec 
Semiconductor reserves the right to make changes 
at any time without notice in order to improve 
design and supply the best product possible. 


No Identification Full Production This data sheet contains final specifications and 
| complete typical curves. Astec Semiconductor re- 
serves the right to make changes at any time without 
notice in order to improve design and supply the best 
product possible. 
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Precision bic mrss Shunt Reference 





Features 


® Temperature-compensated: 
30 ppm/°C 


e Trimmed 0.5% bandgap 
reference 


@ Internal amplifier with 150 mA 
capability 


@ Nominal temperature range 
extended to 105° C 


® Low frequency dynamic output 
impedance: < 150 m 


@ Low output noise 


@ Robust ESD protection 


Pin Configuration — Top view 


TO-92 (LP) 


CATHODE 


ANODE 


REFERENCE 





NIC | 


Ordering Information 


CATHODE EE 


Description 


The AS431 is a three-terminal adjustable shunt regulator 
providing a highly accurate 0.5% bandgap reference. The 
adjustable shunt regulator is ideal for a wide variety of linear 
applications that can be implemented using external compo- 
nents to obtain adjustable currents and voltages. 


In the standard shunt configuration, the combination of low 
temperature coefficient (T.C.), sharp turn-on characteristics, 
low output impedance and programmable output voltage 
make this precision reference a perfect zener diode replace- 
ment . 


The A431 regulator is a low-cost solution where a bandgap 
reference tolerance is not critical. The A431 has a 1% 
bandgap reference and can be used as a direct replacement 
for the standard TL431. 


SOIC (D) SOT-89 (S) 





ANODE ‘e 


ANODE ce 


Description Temperature Range Order Codes 

0.5% 1.0% 
TO-92 0 to 105°C AS431LP A431LP 
8-Pin Plastic SOIC 0 to 105° C AS431D A431D 


SOT-89 0 to 105°C AS431S A431S 
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AS431 Precision Adjustable Shunt Reference 


Functional Block Diagram 
CATHODE (k) 
e 


REFERENCE O 
(R) 





ANODE (A) 
Absolute Maximum Ratings 
Parameter Symbol Rating Units 
| Cathode-Anode Reverse Breakdown Vka 37 V 

Anode-Cathode Forward Current lAK 1 A 
Operating Cathode Current IkA 250 mA 
Reference Input Current IREF 10 mA 
Continuous Power at 25° C Pp 

TO-92 119 mW 

8L SOIC 750 mw 

SOT-89 1000 mW 
Junction Temperature Ty 150 °C 
Storage Temperature Tsta@ — 65 to 150 °C 
Lead Temperature, Soldering 10 Seconds TL 300 °C 


Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


Recommended Conditions Typical Thermal Resistances 

Cathode Voltage VkA Vrer to 20 V TO-92 160° C/W 80° C/W 6.3 mW/°C 

Cathode Current Ik 10 mA SOIC 175° C/W 45° C/W 5.7 mW/°C 
SOT-89 110° C/W 8° C/W 9.1 mW/°C 
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Precision Adjustable Shunt Reference 


Electrical Characteristics 


Electrical Characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated based 
on power dissipation and package thermal characteristics. The conditions are: Vka = Vaer and Ix = 10 mA unless otherwise stated. 


Parameter 


Reference Voltage 


V rer with Temp” 


Ratio of Change in 
Vrer to Cathode 


Voltage 


Reference Input IREF 


Current 
lrer Temp Deviation 
Min Ix for Regulation 


Off State Leakage Ik(oft) 


Dynamic Output 
Impedance 


Symbol 


VREF 


V REF 





| REF 


K(min) 


<= 
x 


Test 
Condition 


Veer to 10 V 
10 V to 36 V 


Vrer = 0 V, 
Vika = 36 V 


f 1kHz 
Ik=1to 150mA 


AS431 (0.5%) 
i Typ Max 


2.469 2.936 


0.07 0.20 


| 
—. 
oO 


0.04 


*Calculating Average Temperature Coefficient (TC) 





He 


ASTEC Semiconductor 


15 30 45 
Temperature (°C) 


60 75 


0.07 mV/°C 
0.003 %/°C 
27 ppm/°C 


° TC 


¢TC 


90 105 
e TC 


Ta =25°C 2.490 2503 2.515 | 2470 2.495 2.520 





AS431 


A431 (1.0%) Test 
Min Typ Max Circuit 
: 
2.449 2.541 re 1 
7 
-~2/ ~-1.0 
mV/V 2 
ge 
bth as cs : 
Te: | 
AV mV 
in mV/°C = ner (mV) 
AT, 
AV 
— a x 100 
neees eee 
AT, 
AV 
(ora) 10 
a te) 
in ppm/°C = a 
ATa 


AS431 Precision Adjustable Shunt Reference 


Test Circuits 


VIN Vka= VReEF VIN O Va | VIN VKA 


hy (OFF) 





Figure 1a. Test Circuit 1 Figure 1b. Test Circuit 2 Figure 1c. Test Circuit 3 
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Precision Adjustable Shunt Reference AS431 


Typical Performance Curves 


Low Current Operating High Current Operating 
Characteristics Characteristics 


Vika cs VReF 


I, — Cathode Current (uA) 
I. - Cathode Current (mA) 





1.0 0 1.0 2.0 3.0 
Va — Cathode Voltage (V) Vian — Cathode Voltage (V) 
Figure 2 Figure 3 
Temperature Coefficient as a 
Off State Leakage Function of Trim Value 


eT 


SPR eee ae 
CCCLEEHE PCECEELLEE Maer rail 
—60 —30 0 30 60 90 120 —60 —30 0 30 60 90 120 
Ta — Ambient Temperature (°C) Ta — Ambient Temperature (°C) 
Figure 4 Figure 5 


Vrer — Reference Voltage (V) 


Hit 
: HERE 


b off — Off State Cathode Current (nA) 
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AS431 Precision Adjustable Shunt Reference 


Typical Performance Curves 


Reference Input Current Reference TT Line Regulation 


3.0 
EEE oe 
R2= co 


At 
TTT 
; aeuainat 
Pe ue 
Hil INN TT 
6 






lner — Reference Input Current (uA) 


0.5 


Vere — Change in Reference Voltage (mV) 





0 
-60 -3 0 120 0 3 6 9 12 15 18 21 24 27 30 
a “ er fate ae Via — Cathode Voltage (V) 
Figure 6 Figure 7 


Low Frequency Dynamic Output 
Noise Voltage Impedance 


Ica = 1 to 100 mA 









oe f<1kH 
S Zz 
N 50P7 ® 
ra 8 
© 40 = 
£ oO 
S 30 € 
o e 
2 > 
s Q 
20 
N 
0. 
10 10k 100 k 
f- ae (Hz) T, — Free Air Temperature 
Figure 8 Figure 9 
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Precision Adjustable Shunt Reference AS431 


Typical Performance Curves 


Dynamic Output Impedance 


a 
T,=25°C Eee 


Led 
a 
10 


ee 


pot tt ttt tt YT 





Zxa, — Dynamic Impedance (Q) 


f— Frequency (Hz) 


Figure 10 


Small Signal Voltage Gain vs. Frequency 





Ay, — Small Signal Voltage Gain (dB) 





1k 10 k 100 k 1M 10M 
f — Frequency (Hz) 


Figure 11 
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AS431 Precision Adjustable Shunt Reference 


Typical Performance Curves 


Pulse Response 


INPUT 
Se ee MONITOR ¥ 


I 

I 

I 

l 

oleae ee thle 
AREER EEE 


0 12 3 4 5 6 7 8 9 10 11 12 






put 


+ 


Input and Output Voltages (V) 


Oo GND 








t-—Time (us) 
Figure 12 
Stability Boundary Conditions 
100 
A: Via = Veer 
= D: Vin = 15 Vatl, = 10 mA 150 Q 
<x 
3 
€ 
© 
= 
O 
® 
Oo 
° 
<& 
is 
O 
x 
10° = 10 Ss 102, 103) 104 Ss «105 = 108 ~——:107 
C, - Load Capacitance (pF) 
Figure 13 
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Features 


Temperature-compensated: 
30 ppm/°C 


Trimmed 0.4% bandgap 
reference 


@ Internal amplifier with 150 mA 
capability 


Temperature range: Extended to 
-55 to125° C 

® Low frequency dynamic output 
impedance: < 150m 


Low output noise 


® Robust ESD protection 


Pin Configuration — Top view 


TO-92 (LP) 


CATHODE 
ANODE 


REFERENCE 





Ordering Information 


Description 


TO-92 
8-Pin Plastic SOIC 
SOT-89 


CATHODE {14 | 


EET, 


Temperature Range 


-55 to 125° C 
-55 to 125° C 
°C 


AS1431 


Adjustable Shunt Reference 


Description 


The AS1431 is a three-terminal adjustable shunt regulator 
providing a highly accurate 0.4% bandgap reference. The 
adjustable shunt regulator is ideal for a wide variety of linear 
applications that can be implemented using external compo- 
nents to obtain adjustable currents and voltages. 


In the standard shunt configuration, the combination of low 
temperature coefficient (T.C.), sharp turn-on characteristics, 
low output impedance and programmable output voltage 
make this precision reference a perfect zener diode replace- 
ment . 


The AS1431 is characterized to operate over the full automo- 
tive temperature range of -55 to 125° C and is now available 
in the SOT-89 package. 


SOIC (D) 


SOT-89 (S) 







8] REFERENCE 





te CATHODE 


| | REFERENCE 
LEE TELE 


Order Codes 
AS1431LP 


AS1431D 
AS14318 





AS1431 


Functional Block Diagram 


REFERENCE O 
(R) 


Precision Adjustable Shunt Reference 


CATHODE (Kk) 
C) 





Absolute Maximum Ratings 
Parameter 

Cathode-Anode Reverse Breakdown 
Anode-Cathode Forward Current 

Operating Cathode Current 

Reference Input Current 


Continuous Power Dissipation at 25° C 
TO-92 
8L SOIC 
SOT-89 


Junction Temperature 
Storage Temperature 


Lead Temperature Soldering 10 Seconds 


ANODE (A) 

Symbol. Rating Units 
VKA 37 V 
lAK 1 A 

lka 250 mA 
IREF 10 mA 
Pp 
775 mW 
750 mW 
1000 mW 
Ty 150 °C 
Tste — 65 to 150 °C 
Th 300 °C 


Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is astress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


Recommended Conditions 


Parameter Symbol Rating Unit 


Cathode Voltage VkA Vrer to 20 V 


Cathode Current lk 10 mA 


ASTEC Semiconductor 


Typical Thermal Resistances 


TO-92 160°C/W 80° C/W 6.3 mW/°C 
SOIC 175°C/W 45° C/W 5.7 mW/°C 
SOT-89 110° C/W 8° C/W 9.1 mW/°C 
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Precision Adjustable Shunt Reference AS1431 





Electrical Characteristics 
Electrical Characteristics are guaranteed over full junction temperature range (-55 to 125° C). Ambient temperature must be derated 


based on power dissipation and package thermal characteristics. The conditions are: Vxa = Vref and Ix = 10 mA unless otherwise stated. 


Parameter Symbol Test Condition Min Unit Circuit 


Typ Max 
Reference Voltage VREF Tae 20°C V 1 
‘| Over temp. | 2470 | | 2.580 V 1 
V rer with Temp* TC P| 006 | ote mvV/°C 1 


Ratio of Change in Vrer to 
Cathode Voltage V REF Vx«=3Vt0 36V -2 = iy mV/V 9 


Reference Input Current IREF Ri=10 k ; Ro= 





cee 


Min Ik for Regulation Ik(min 

Off State Leakage Ik(oft) Vrer =0V, 0.04 500 n 3 
Via = 36 V 

Dynamic Output Impedance ZkKA f 1kHzlk=1to100 mA 0.15 1 


AVrer (mV) 
ATan 


¢TC in mV/°C = 





( AVREF x 100 


Varccat 25°C 
© TC in %/°C = nee 





ATa 


5 -25 0 25 50 75 100 125 AV 
REF x 10° 
Temperature (°C) Vrer at 25°C 
¢ TC in ppm/°C = 
0.06 mV/°C AT, 
0.002 %/°C 
24 ppm/°C 


ASTEC Semiconductor 
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AS1431 Precision Adjustable Shunt Reference 


Test Circuits 
VIN Vika = VREF ViN 0 Via VIN VKA 
Ik Ik (OFF) 
a i 
Ry 
IREF 
. (Ver) 
Figure 1a. Test Circuit 1 Figure 1b. Test Circuit 2 — Figure 1c. Test Circuit 3 
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Precision Adjustable Shunt Reference AS1431 


Typical Performance Curves 


Low Current Operating High Current Operating 
Characteristics Characteristics 


Via = VReF 
Temperature Range: —55 to 125° 


I. - Cathode Current (uA) 
I. - Cathode Current (mA) 





Viana ee Voltage (Vv) Vika — Cathode Voltage (V) 
Figure 2 Figure 3 


Reference Voltage vs Ambient 
Off State See eee Temperature 


| Vea = 36 V ran 
a Vrer =0V 
raFaE 
EEC 


a 


Pee TaN teste eel aL Zs 


lz off — Off State Cathode Current (nA) 
Vrer — Reference Voltage (V) 





.45 
—60 —30 0 30 60 90 120 -—60 -30 0 30 60 90 120 
Ta — Ambient Temperature (°C) Ta — Ambient Temperature (°C) 
Figure 4 Figure 5 
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AS1431 Precision Adjustable Shunt Reference 


Typical Performance Curves 


Reference Input Current Reference Voltage Line Regulation 


R1 = 10 kQ 
R2= 00 
I, =10mA 


Ine — Reference Input Current (WA) 
Vaer — Change in Reference Voltage (mV) 





—60 120 0 3 6 9 12 15 18 21 24 27 30 
ae 7 ee pact ae Via — Cathode Voltage (V) 
Figure 6 Figure 7 


Low Frequency Dynamic Output 
Noise Voltage Impedance 












= f<1kH 
N 50 Ff 
a ® 
< 2 0.100 \ 1 
> g / 
~ 40 = ® 
Oy a 
D E | 
& ‘> 0.075 
7 corr RN 
® Cc 
2 > 
ro) a 
0.050 
= 80 2 
x 
0 0.0 
10 100 1k 10k 100 k —60 
f — Frequency (Hz) T, — Free Air Temperature 
Figure 8 Figure 9 
ASTEC Semiconductor 


14 


Precision Adjustable Shunt Reference 


Typical Performance Curves 


Ay — Small Signal Voltage Gain (dB) 


Zx, — Dynamic Impedance (Q) 


Dynamic Output Impedance 


k= 1 to 100 mA 





ra 


NN 


PINE 


7 


at 

val 
ini 
S 


ia sae ee 








10k 100 k 1M 
f— Frequency (Hz) 


Figure 10 


Small Signal Voltage Gain vs. Frequency 


0 
1k 10k 100 k 
f— Frequency (Hz) 


ASTEC Semiconductor 


Figure 11 
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AS1431 Precision Adjustable Shunt Reference 


Typical Performance Curves 


Pulse Response 


input 
= ——- 7777 INPUT 


MONITOR ¥ 


ri- = 


| 
l 

| 
| 
Output 

oe ee baie Be 

| 






O OUT 


0 12 3 4 5 6 7 8 9 10 114 12 


Input and Output Voltages (V) 


oO GND 











t-—Time (us) 
Figure 12 
Stability Boundary Conditions 
100 
A: Via = Veer 
< 150 Q 
= 
= 
© 
5 
O 
® 
x?) 
ie) 
<= 
@ 
O 
¥ 
10° 10! 102 10% = 104 105 106 107 
C, — Load Capacitance (pF) 
Figure 13 
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AS2431 


Precision Adjustable Shunt Reference 
Preliminary Specification 





Features Description 


@ Temperature-compensated: The AS2431 is a three-terminal adjustable shunt regulator 
15 ppm/°C providing a highly accurate 0.5% bandgap reference. The 
adjustable shunt regulator is ideal for a wide variety of linear 
applications that can be implemented using external compo- 
nents to obtain adjustable currents and voltages. 








® Trimmed 0.5% bandgap 
reference 





@ Internal amplifier with 100 mA 


i In the standard shunt configuration, the combination of low 
capability a 


temperature coefficient (T.C.), sharp turn-on characteristics, 
@ Temperature range: Extended to low output impedance and programmable output voltage 
0t0 105°C make this precision reference an excellent error amplifier. 








® Low frequency dynamic output The AS24381 is a direct replacement for the AS431 in low 
impedance: < 150 m voltage, low current applications. It is also available in the 
very small footprint SOT-23. 





@ Low output noise 


Pin Configuration — Top view 








TO-92 (LP) : , - i a 
CATHODE 5] RAMP 
. OUTPUT 
ANODE , 
[6 | DRIVE 
R ENCE 
— | ___{{ 5} STROBE 
i, SOT-89 (S) 





| | CATHODE 





| [| REFERENCE 
cme [_] REFERENCE 


SO eae  O 


Ordering Information 


Description Temperature Range Order Codes 
TO-92 0 to 105° C AS2431LP 
8-Pin Plastic SOIC 0 to 105° C AS2431D 
SOT-23 0 to 105° C AS2431VS 


SOT-89 (S) 0 to 105° C AS24318 
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AS2431 | Precision Adjustable Shunt Reference 


Functional Block Diagram 


CATHODE (kK) 


REFERENCE 
(R) 








" 


ANODE (A) 


Absolute Maximum Ratings 





Parameter Rating 
Cathode-Anode Reverse Breakdown 418 V 
Anode-Cathode ForwardCurrent = WK 1 e A 
Operating Cathode Current 100 mA 
Reference Input Current 1 mA 
Continuous Power Dissipation at 25°C 
TO-92 ee : : 105 mW 
8L SOIC aac : 2, ae ae ane si 
SOT-23 Pg, age” 200 mW 
SOT-89 iy. EE oe a ee oe 4000 mW 
Tstc —65 to 150 °C 
Te 300 °C 





rating only in 1d functional operation of the device at these or any other conditions above those indicated in the operational sections of 


this specification i is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


Recommended Conditions Typical Thermal Resistances 

Cathode Voltage VkA Vrer to 18 V TO-92 160° C/W 80° C/W 6.3 mW/°C 

Cathode Current Ik 10 mA SOIC 175° C/W 45° C/W 5.7 mW/°C 

807-23 75°C 150°CW SO. WPS 
SOT-89 110° C/W 8° C/W 9.1 mW°C 

ASTEC Semiconductor 
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Precision Adjustable Shunt Reference AS2431 


Electrical Characteristics 


Electrical Characteristics are guaranteed over full junction temperature range (0 to 105°C). Ambient temperature must be derated based 
on power dissipation and package thermal characteristics. The conditions are: Vka = Vrer and Ik = 10 mA unless otherwise stated. 


Parameter Symbol Test Condition | Min | | Max | 


Reference Voltage VREF 2.490 2.500 2.510 


Ratio of Change in Vrerto | AVrer | Vrer to 10V aw, 
Cathode Voltage 


Circuit 


1 
1 


mV/°C 1 





A 


Off State Leakage Ik (off) Vrer = 0 V, 
Via = 18 V 


Dynamic Output Impedance ZkA f <1 kHz lk =1to100 mA Abt ts 


RO 





*Calculating Average Temperature Coefficient (TC) 


AV 
°TC in mv/°c = ——_REF (mV) 
AT 





( AVREF 


| x 100 
Veer at 25°C 


eTCin %/°C = 





ATa 


0 15 30 45 60 75 90 105 
: AV REF 6 
Temperature (°C) Sr ee KAD 
. VREF at 25°C 
¢ TC in ppm/°C = 
0.019 mv/°C A. 
0.001 %/°C 
7.6 ppm/°C 
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AS2431 Precision Adjustable Shunt Reference 


Test Circuits 


Vin Vika = VRerF Vin O Vika ViN 


Ik 
lREF Ik | 
"S ler 
(Veer) 


VkKA 


|" (OFF) 







Figure 1a. Test Circuit 1 Figure 1b. Test Circuit 2 
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Precision Adjustable Shunt Reference AS2431 


Typical Performance 


Low Current Operating High Current Operating 
Characteristics Characteristics 


Vika = VReEF 


Vika = VReF 
Temperature Range: —55 to 125° C 


Temperature Range: —55 to 125° 


I, - Cathode Current (uA) 
I. - Cathode Current (mA) 





Vea ~ Cathode Voltage (V) a Va — Cathode Voltage (V) 


Figure 2 a ee -  s a Figure 3 


- Ea Temperature Coefficient as a 
Off State Leakage bag te Function of Trim Value 


= Soot ee 
, ERE 
ice eee eee eee 


HE ea 


Tega seeer anese Be 
Cone 


= 


Iz off - Off State Cathode Current (nA) 
Vrer — Reference Voltage ( 





0.01 45 
-60 -30 0 30 60 90 120 -60 -30 0 30 60 90 120 
Ta — Ambient Temperature (°C) Ta — Ambient Temperature (°C) 
Figure 4 Figure 5 
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AS2431 Precision Adjustable Shunt Reference 


Typical Performance Curves 


ner — Reference Input Current (uA) 


Noise Voltage nV/VHz 


Reference Input Current 






Ri = 10 kQ 
R2= co 


PTT 


-60 -30 0 30 60 120 
T, — Ambient Temperature a 






2.0 







Figure 6 


Noise Voltage ae Cou 






th 
LEE LE 


10 100 1k 10k 100 k 


f — Frequency (Hz) 


Figure 8 


Reference Voltage Line Regulation 









V rer — Change in Reference Voltage (mV) 


Va — Cathode Voltage (V) 


Figure 7 


Low Frequency Dynamic Output 
Impedance 





0.150 
ya f<1kH 
cy Z 
8 \ 
= 0.100 Vs 
(4) 
xe) 
(cb) \ i { 
Q 
‘© 0.075 
C40] 
Cc 
SS 
7 0.050 

— nee 

0.0 
—60 


T, — Free Air Temperature 


Figure 9 
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Precision Adjustable Shunt Reference AS2431 


Typical Performance Curves 
Dynamic Output Impedance 


meager mA aan 


Zx«4 — Dynamic Impedance (Q) 


2 

La 
inee 
bd LZ 
ne 
ia eee ae 
. a i 


a! 





f— pene. (hey 


Figure 10 ag 


Small Signal Voltage Gain vs. Frequency 












0 
1k 10k 100 k 1M 10M 
f— Frequency (Hz) 


Ay — Small Signal Voltage Gain (dB) 


Figure 11 
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AS2431 Precision Adjustable Shunt Reference 


Typical Performance Curves 


Pulse Response 


INPUT 
sf Mas MONITOR ¥ 


Pi) Be ec 
(|| ttt tt tt yt tee 100 were 


0 123 4 5 6 7 8 9g 10 
t-—Time (ps) 







put 


= 
l 


Input and Output Voltages (V) 








11. 12 


150Q - 





bg | 
109 101 102 108 104 108 108 107 
C, — Load Capacitance (pF) 


Figure 13 
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AS432 


1.25 V Precision Adjustable Shunt Reference / Amplifier 


Proposed Specification 





Features 


® Temperature-compensated: 
50 ppm/°C 


Trimmed 0.5% bandgap 
reference 

Internal amplifier with 150 mA 
capability 

Nominal temperature range 
extended to 105° C 


® Low frequency dynamic output 
impedance: < 150 m 





© 


Low output noise 


Pin Configuration — Top view 
TO-92 (LP) 


CATHODE 


ANODE 





SOT-23 (VS) 






ae, a CATHODE 
ANODE ie 


Lee! REFERENCE 


Ordering inioamanen 
Description: 

TO-92 

8-Pin Plastic SOIC 





© ASTEC Senicondecior: 


REFERENCE 


0 to 105° C 


Description 


The AS432 is a three terminal adjustable shunt regulator 
utilizing an accurate 1.25V bandgap reference. The AS4382 is 
functionally similar to an AS431 except for its lower reference 
voltage, making it usable in a wide variety of low voltage 
applications. 


Because of its robust bipolar technology, the AS432 handles 
a wide range of current, and holds off more than 18V so its use 
is not limited to low power, low voltage systems. Significant 
care has been taken to provide adequate AC bandwidth to 
allow the AS432 as an sae in control systems and power 
electronics. in 


SOIC (D) 


CATHODE ar 





| 8 | REFERENCE 





Temperature Range Order Codes 
0 to 105° C AS432LP 
0 to 105°C AS432D 
0 to 105°C AS43828 
AS432V$S 
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AS432 1.25 V Precision Adjustable Shunt Reference / Amplifier 


Functional Block Diagram Cathode (K) 






Reference (R) ( ) 






Anode (A) 
Absolute Maximum Ratings 


Parameter 
Cathode-Anode Reverse Breakdown : 

Anode-Cathode Forward Current 
Operating Cathode Current 

Reference Input Current 


Continuous Power at 25° C 













TO-92 

8L SOIC 750 mW 

SOT-89 1000 mW 

SOT-23 200 mW 
Junction Temperatur Ty 150 °C 
Storage Temper : ae TstG — 65 to 150 °C 
Lead Temperature Soldering 10 sec.) TL 300 °C 





Stresses greater than th @ listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is astress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


Recommended Conditions Typical Thermal Resistances 
Parameter Symbol Rating Unit Package Qua Quc Typical Derating 
Cathode Voltage VKA Vrer to 18 V TO-92 160° C/W 80° C/W 6.3 mW/°C 
Cathode Current Ik 10 mA SOIC 175° C/W 45° C/W 5.7 mW/°C 


SOT-89 110°CW 8° CW 9.14 mW’°C 
SOT-23 575° CIW 150° CW —s‘1.7 mwWr°c 
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1.25 V Precision Adjustable Shunt Reference / Amplifier AS432 


Electrical Characteristics 


Electrical characteristics are guaranteed over the full junction temperature range (0-105 °C). Ambient temperature must be derated 
based upon power dissipation and package thermal characteristics. Unless otherwise stated, test conditions are: VKA= VREF and 
IK=10 mA. 


Output Voltage Ik=1 0 MA, Ty= 25° C, Vk = Veer V 
Reference Input Current a Ee WA 
smo [= [Pee 
Temperature Coefficient 

Minimum Cathode Current for K (MIN) de mA 
Regulation 

Off State Leakage Veer =OV, Vea=18 V | | 004} 500, fon 


*Temperature deviation is defined as the maximum deviation of the reference over the given temperature range and does not imply an 
incremental deviation at any given temperature. 


Typical Performance Curves _ 


Not Available at Time of Publishing 


ASTEC reserves the right to make changes without further notice to any products described herein to improve reliability, function, or 
design. ASTEC does not assume any liability arising out of the application or use of any product or circuit described herein; neither does 
it convey any license under its patent rights or the rights of others. ASTEC products are not authorized for use as components in life 
support devices or systems intended for surgical implant into the body or intended to support or sustain life. Buyer agrees to notify 
ASTEC of any such intended end use whereupon ASTEC will determine availability and suitability of its products for the intended use. 
ASTEC and the ASTEC logo are trademarks of ASTEC (BSR) PLC. 


ASTEC SEMICONDUCTOR 
255 Sinclair Frontage Road « Milpitas, California 95035 « Tel. (408) 263-8300 * FAX (408) 263-8340 
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AS432 1.25 V Precision Adjustable Shunt Reference / Amplifier 


Notes 
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Features 
® Low voltage reference 





® 10 uA turn-on current for 
AS1004-1.2 

® 20 pA turn-on current for 
AS1004-2.5 

® +4 mV (0.3 %) initial accuracy 
for AS1004-1.2 

@ +20 mV (0.8 %) initial accuracy 
for AS1004-2.5 

® Guaranteed operation to 20 mA. 


Over three orders of magnitude 
of operating current! 





® Temperature performance 
guaranteed 


@ Very low dynamic impedance 


Pin Configuration — Top view 


T0-92 (LP) 


ANODE 


CATHODE 


N/C 





Ordering Information 






ZA 
Za 
Zi 
LS 7 
GLA SESE TSE EEL: 


AS1004 


Micropower Voltage Reference 


Description 


The AS1004 is a two-terminal precision band-gap voltage 
reference with a low turn-on current of 10 LA. 


Emulating a 1.235 V zener diode, the AS1004 operates more 
than three orders of magnitude of output current with minute 
output impedance and guaranteed stability. With an initial 
tolerance of + 4 mV and guaranteed temperature perfor- 
mance, it is ideal for precision instrumentation, especially in 
low power applications. Being a low-voltage reference, the 
AS1004 is also well-suited as a reference for low-voltage 
power supply applications, especially in power supplies 
intended for low-voltage logic systems, laptop computers 
and other portable or battery operated equipment. 


The AS1004 is pin-for-pin compatible with the LT1004 and 
the LM385 and offers improved specifications over both the 
LM385 and the MP5010. It is also available as a 2.5 V 
reference with a guaranteed start-up current of 20 LA. 


SOIC (D) SOT-89 (S) 


8] CATHODE 


] Nc 





kal CATHODE 


= CATHODE 


CLI 
LOL, 


ANODE 


Description Temperature Range Order Codes 

TO-92 Oto 70°C AS1004-1.2LP AS1004-2.5LP 

8-Pin Plastic SOIC 0 to 70°C AS1004-1.2D AS1004-2.5D 
AS1004-2.58 


0 to 70°C 








| 
© ASTEC Semiconductor 
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AS1004 


Simplified Schematic 


Micropower Voltage Reference 





Absolute Maximum Ratings 
Parameter 

Reverse Breakdown Current 

Forward Current 


Continuous Power Dissipation at 25° C 
TO-92 
8LSOIC 
SOT-89 


Maximum Junction Temp 
Storage Temperature 


Lead Temperature, Soldering 10 Seconds 


Recommended Conditions 


Parameter Symbol Rating 
Cathode Current Iz 100 
ASTEC Semiconductor 


Unit 


uA 


Symbol Rating Units 
Iz 30 | mA 
lF 30 mA 
Pp 

775 | mW 

750 mW 

1000 mW 
Ty 150 °C 
Tste —65 to 150 °C 
Th 300 °C 


Typical Thermal Resistances 


Package x= uc, =SS«Typical Derating 
TO-92 160°CW = 80°C WSs MWC 
sLSOIC 175°CW 45°CIW OST mWIC 
SOT-29 110°CW 8° CW  94mwirC 
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Micropower Voltage Reference AS1004 


Electrical Characteristics 


Electrical Characteristics are guaranteed over full junction temperature range (0 to 70° C). Ambient temperature must be derated based 
on power dissipation and package thermal characteristics. 


AS1004-1.2 AS1004-2.5 

Parameter Symbol | Test Condition Min Typ Max Min Typ Max Unit 
Reverse Breakdown Voltage | Vz I77= 100 1A, Tpe25° C 1.231 1.235 1.239 | 2.480 2.500 2.520 V 

O°C<Tas 70°C 1.225 1.235 1.245 | 2.470 2.500 2.530 V 
Average Temperature AVz/AT Imin S$ Iz < 20 mA 20 ppm/°C 
Coefficient 
Reverse Breakdown Voltage | AVz/Alz Imin S$ Iz<1mA mV 
Change With Current 

Over Temperature 0.5 1:5 0:5 15 mV 

1mA<Iz<20mA 6.5 10 6.5 10 mV 

Over Temperature 6.5 20 6.5 20 mV 
Reverse Dynamic Impedance | Zz Iz = 100 mA, f = 25 Hz 0.2 0.6 0.8 0.9 Q 
Wide Band Noise Gn Iz= 100 uA 

10 Hz <f< 10 KHz uV 
Long Term Stability AVz/AT Iz= 100 pA 

Ta=2o°C20.1°C 20 ppm/kH 


Typical Performance Curves 





Calculating Average Temperature AS1004-1.2 Reference Voltage vs. 
Coefficient for the AS1004-1.2 Reference Ambient Temperature 
1.245 
_ 1.240 
e LA 
® 
(eo) 
£ 
Soest | | 
® 
gL eT 
awl || 
te 
0 10 20 30 40 50 60 70 ; 1.230 
Temperature (°C) > i 
Lone a 
0.002 %/°C 1.225 
20 ppm/°C 
= AVREF 
Average Temperature Coefficient = “a -55 -35 -15 5 25 45 65 85 105 125 


Ta — Ambient Temperature (°C) 
Figure 1 Figure 2 
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AS1004 


Typical Performance Curves 


Calculating Average Temperature 
Coefficient for the AS1004-2.5 Reference 


> 
07 0 aie 
, 


5000 — 0.5 





-10 


0 10 20 30 40 50 60 70 
Temperature (°C) 


0.046 mV/°C 
0.004 %/°C 
37 ppm/°C 
Average Temperature Coefficient = — a 


Figure 3 


AS1004-1.2 Reverse Operating 
Characteristics 


100 


lz — Reverse Current (uA) 





0.1 


0 0.2 0.4 06 08 1 12 1.4 


Va — Reverse Voltage (V) 


Figure 5 
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Micropower Voltage Reference 


AS1004-2.5 Reference Voltage 
versus Ambient Temperature 


2.520 
pron | | | | | | 


Vz-— Reference Voltage (V) 
ie) 
ol 
ro) 
ro) 





5 -35 -15 5 25 45 65 85 105 125 
Ta — Ambient Temperature (°C) 


Figure 4 


AS1004-2.5 Reverse Operating 
Characteristics 


100 
T, =—55° C to 125° C 


10 


Iz — Reverse Current (uA) 





0.1 
0 0.5 1.0 1.5 2.0 2.5 3.0 


Vp — Reverse Voltage (V) 


Figure 6 


Micropower Voltage Reference 


Typical Performance Curves 


AS1004-1.2 Change in Reference 
Voltage versus Reverse Current 


AV; — Change In Reference Voltage (mA) 
AV, — Change In Reference Voltage (mA) 





I, — Reverse Current (mA) 


Figure 7 


AS1004-1.2 Transient Response 


— _—-~, 
S S 
~— — 
® cd) 
do) oO) 
i) i) 
= <= 
ie) Oo 
> > 
~ ~ 
~ =) 
jos [os 
—_ —_ 
=) pe 
fo) fo) 
xo) To 
c Cc 
wo wo 
ed _ 
a) =) 
Qo. Qa 
£ is 





t — Time (us) 


Figure 9 
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AS1004 


AS1004-2.5 Change in Reference 
Voltage versus Reverse Current 





lz — Reverse Current (mA) 


Figure 8 


AS1004-2.5 Transient Response 





t — Time (us) 


Figure 10 


AS1004 Micropower Voltage Reference 


Typical Performance Curves 


Z, — Reference Impedance (Q) 


V, — Forward Voltage (V) 





AS1004-1.2 Reverse Dynamic 
Impedance 





0.01 0.1 1 10 100 1k 


f = Frequency (kHz) 


Figure 11 


Forward Characteristics 


|- = Forward Current (mA) 


Figure 13 
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Z, — Reference Impedance (Q) 


Z, — Reference Impedance (Q) 


AS1004-2.5 Reverse Dynamic 
Impedance 





i= pene Lae 


Figure 12 


Low Frequency Reverse Dynamic 
Impedance 


asin Ty =-55° C to 125°C : 


f = 25 Hz 


NCEE 


100 








0.01 0.1 1 10 100 
|, — Reverse Current (mA) 


Figure 14 


Micropower Voltage Reference 


Typical Applications 


1.235V Reference 


2.5V Reference 


AS1004 


Low Noise Reference 





Vin Vin 
3k 100 k 
OUT 
* AS1004-1.2 Ai AS1004-2.5 o_o 50 uF 
i 


Figure 15 


Variable Output Regulator 





V- 


Figure 18 


Lead Acid Low Battery Detector 


500 k 
AS1004-1.2 


Figure 20 









LO = Battery Low 


150 pF 
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Figure 16 


Figure 17 


High Stability 5V Regulator 


O 5V OUT 






976 QO, 1% 


AS1004-2.5 





324 OQ, 1% 


Figure 19 


Micropower 10V Reference 


(\ VIN=12V to 20V 





Figure 21 
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AS1004 Micropower Voltage Reference 


Notes 
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Features 


® 2.5 V bandgap reference 
trimmed to 1.0% and 
temperature-compensated 

® Extended temperature range 
from - 40 to 105° C 

® AS2842/3 oscillations trimmed 
for precision duty cycle clamp 

® AS2844/5 have exact 50% max 
duty cycle clamp 

. @ Advanced oscillator design 
simplifies synchronization 

® Improved specs on UVLO 
and hysteresis provide 
more predictable start-up 
and shutdown 

® Improved 5 V regulator provides 
better AC noise immunity 

® Guaranteed performance 

with current sense pulled 

below ground 


@ Over-temperature shutdown 


Pin Configuration — top view 


PDIP (N) 





AS2842/3/4/5 


Current Mode Controller 


Description 


The AS2842 family of control ICs provide pin-for-pin replace- 
ment of the industry standard UC3842 series of devices. The 
devices are redesigned to provide significantly improved 
tolerances in power supply manufacturing. The 2.5 V refer- 
ence has been trimmed to 1.0% tolerance. The oscillator 
discharge current is trimmed to provide guaranteed duty 
cycle clamping rather than specified discharge current. The 
circuit is more completely specified to guarantee all param- 
eters impacting power supply manufacturing tolerances. 


In addition, the oscillator and flip-flop sections have been 
enhanced to provide additional performance. The Rr/Cr pin 
now doubles as a synchronization input that can be easily 
driven from open collector/open drain logic outputs. This 
sync input is a high impedance input and can easily be used 
for externally clocked systems. The new flip-flop topology 
allows the duty cycle on the AS2844/5 to be guaranteed 
between 49 and 50%. The AS2843/5 requires less than 
0.5 mA of start-up current over the full temperature range. 


Ordering Information 


Description Temperature Range Order Codes 

8-Pin Plastic DIP -40 to 105° C AS2842/3/4/5N 

8-Pin Plastic SOIC -40 to 105° C AS2842/3/4/5D-8 
8L SOIC (D) 


iced VeEG 








AS2842/3/4/5 Current Mode Controller 


Functional Block Diagram 
BV (5.0 V) 






VeB ERROR AMP 





FF 


PWM = 
COMPARATOR PWM LOGIC x 
R a : . 6 
A OUT 
(5 V) 
ISENSE 


CLK + 2 [3844/45] 
O) 


(3.0 V) i 
> 


4 FE 
rc rk | . END 
». | oR 
OSCILLATOR y 
OVER 
TEMPERATURE 


Figure 1. Block Diagram of the AS2842/3/4/5 
Pin Function Description 


Pin Number = Function Description 


1 COMP This pin is the error amplifier output. Typically used to provide loop compensation to 
maintain Veg at 2.5 V. 


2 VFB Inverting input of the error amplifier. The non-inverting input is a trimmed 2.5 V 
bandgap reference. 


3 ISENSE A voltage proportional to inductor current is connected to the input. The PWM uses 
this information to terminate the gate drive of the output. 


4 Rt/Cr Oscillator frequency and maximum output duty cycle are set by connecting a resistor 
(Rr) to Vreg and a capacitor (Ct) to ground. Pulling this pin to ground or to Vreg will 
accomplish a synchronization function. 


5 GND Circuit common ground, power ground, and IC substrate. 


6 OUT This output is designed to directly drive a power MOSFET switch. This output can sink 
or source peak currents up to 1A. The output for the AS2844/5 switches at one-half the 
oscillator frequency. 


7 Voc Positive supply voltage for the IC. 
8 VREG This 5 V regulated output provides charging current for the capacitor Cr through the 
resistor Rr. | 
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Current Mode Controller AS2842/3/4/5 


Absolute Maximum Ratings 


Parameter Symbol Rating Unit 
Supply Voltage (Icc < 30 mA) Voc Self-Limiting V 
Supply Voltage (Low Impedance Source) Voc 30 V 
Output Current louT +1 A 
Output Energy (Capacitive Load) 5 ud 
Analog Inputs (Pin 2, Pin 3) —0.3 to 30 V 
Error Amp Sink Current 10 mA 
Maximum Power Dissipation Pp 

8L SOIC 750 mW 

8L PDIP 1000 mW 
Maximum Junction Temperature Ty 150 "C 
Storage Temperature Range Tste@ —65 to 150 °C 
Lead Temperature, Soldering 10 Seconds TL 300 °C 


Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


Recommended Conditions Typical Thermal Resistances 

Parameter Symbol Rating Unit Package Qua uc Typical Derating 

Supply Voltage Voc 8L PDIP 95° C/W 50° C/W 10.5 mW/°C 
AS2842,4 15 V 8L SOIC 175° C/W 45° C/W 5.7 mW/°C 
AS2843,5 10 V 

Oscillator fosc 50 to 500 KHz 

ASTEC Semiconductor 
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AS2842/3/4/5 


Current Mode Controller 


Electrical Characteristics 


Electrical characteristics are guaranteed over full junction temperature range (-40 to 105° C_ ). Ambient temperature must be derated based on 
power dissipation and package thermal characteristics. The conditions are: Voc = 15 V, Rt = 10 kQ, and Cr = 3.3 nF, unless otherwise stated. To 
override UVLO, Vcc should be raised above 17 V prior to test. 


Symbol_| TestCondition | Min | Typ | Max | Unit 


Parameter 
5 V Regulator 


Output Voltage 

Line Regulation 

Load Regulation 
Temperature Stability’ 
Total Output Variation’ 
Long-term Stability’ 
Output Noise Voltage 


Short Circuit Current 
2.5 V Internal Reference 


Nominal Voltage 

Line Regulation 

Load Regulation 
Temperature Stability’ 
Total Output Variation’ 


Long-term Stability’ 
Oscillator 


Initial Accuracy 
Voltage Stability 
Temperature Stability’ 
Amplitude 

Upper Trip Point 
Lower Trip Point 
sync Threshold 
Discharge Current 


Duty Cycle Limit 


ASTEC Semiconductor 


VREG T= 25°C: Ipeg= 1 mA | 4.95 | 
PSRR 12 Voo 25V se 


omriswneaes ef 
30 


5.05 
TCrec 
5.15 


180 


a 
ro) 


T=25°C; Inca = 1mA 2.475 2.500 2.020 
PSRR 12V Vcc 25V 


Line, load, temperature 2.450 2.500 
Over 1,000 hrs at 125° C 


TCvep 


2.900 


— 

ae 

a 
[os 
p18 
Least 
a 
400 
75 | 8 
4 | 6 


— 
o> 


—4 
oo 


2.9 


<= 


Vsync 


<= 


Rr = 680 Q, Cr = 5.3 nF, Ty = 25° C 
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<= 


mV 
mV 


mV/°C 


V 
mV 
uV 
mA 


V 
mV 
mV 


mV/°C 


V 
mV 


kHz 
% 
% 


mV 
mA 
% 


Current Mode Controller 


Electrical Characteristics (cont'd) 


AS2842/3/4/5 


Electrical characteristics are guaranteed over full junction temperature range (-40 to 105° C_). Ambient temperature must be derated based on 
power dissipation and package thermal characteristics. The conditions are: Vcc = 15 V, Rr = 10 kQ, and Cr = 3.3 nF, unless otherwise stated. To 
override UVLO, Vcc should be raised above 17 V prior to test. 


Parameter 
Error Amplifier 


Input Voltage 

Input Bias Current 

Voltage Gain 
Transconductance 

Unity Gain Bandwidth’ 

Power Supply Rejection Ratio 
Output Sink Current 

Output Source Current 
Output Swing High 

Output Swing Low 

Current Sense Comparator 
Transfer Gain?? 

Isense Level Shift? 

Maximum Input Signal? 
Power Supply Rejection Ratio 
Input Bias Current 


Propagation Delay to Output" 
Output 


Output Low Level 


Output High Level 


Rise Time! 
Fall Time’ 
Housekeeping 


Start-up Threshold 


Minimum Operating Voltage 
After Turn On 


Output Low Level in UV State 


Over-Temperature Shutdown’ 
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Symbol 


IBIAS 


Avot 


PSRR 
ICOMPL 
ICOMPH 
VCOMPH 


VcoMPL 


AVcs 


PSRR 


IBIAS 


VoL 
Vou 
Vou 


Vou 


D 


ee | -_ 


Vec(on 


Vec(min) 


Vouv 


Tot 


2 Vcomp 4V 


12 Vcc 25V 
Ves = 2.7 V, Vcomp = 1.1V 
Vep = 2.3 V, Vcomp = 5 


Veg = 2.3 V, Ri = 15 kQ to Ground 
Vep = 2.7 V, Ri = 15 kQ to Pin 8 


os 
— 


Isink = 20 MA 
Isink = 200 mA 


Isource = 20MA 


Isource = 200mMA 





2842/4 
2842/4 


Isink = 20 mA, Vcc = 6 V 


39 


2.475 


>) 


oOo; Ge ae AD -aracal] De 
“N| oO Pho 


©o 
on 
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2.525 
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—h 
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150 
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AS2842/3/4/5 Current Mode Controller 


Electrical Characteristics (cont'd) 


Electrical characteristics are guaranteed over full junction temperature range (-40 to 105° C_). Ambient temperature must be derated based on 
power dissipation and package thermal characteristics. The conditions are: Vcc = 15 V Rr = 10 kQ, and Cry = 3.3 nF, unless otherwise stated. To 
override UVLO, Vcc should be raised above 17 V prior to test. 





Parameter Symbol Test Condition | Min | Typ | Max | Unit 
Pw oe Ee ee ae 
Maximum Duty Cycle 2842/3 | 94 | 97 | 100 % 
Minimum Duty Cycle [Dna | 264ais aes a % 
Start-up Current loc 2842/4, Veg = Vsense =0 V, Voc = 14. V 0.5 1.0 mA 
2843/5, Ves = Vsense = 0 V, Voc =7 V 0.3 0.5 mA 


Notes: 

1. This parameter is not 100% tested in production. 

2. Parameter measured at trip point of PWM latch. 

3. Transfer gain is the relationship between current sense input and corresponding error amplifier output at the PWM latch trip point 
and is mathematically expressed as follows: 


AI 
A=" 5 -0.2 $ Veunsp S$ 0.8 V 


V sense 


4. At the over-temperature threshold, Tor, the oscillator is disabled. The 5 V reference and the PWM stages, including the PWM 
latch, remain powered. 
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Typical Performance Curves 


Supply Current vs Supply Voltage 
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Regulator Output Voltage vs 
Ambient Temperature 
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Figure 4 
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(V) 


Vout — Output Voltage 


neq — Regulator Short Circuit (mA) 
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Output Voltage vs Supply Voltage 
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Regulator Short Circuit Current vs 
Ambient Temperature 
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Typical Performance Curves 


Maximum Duty Cycle vs Timing 
Regulator Load Regulation Resistor 
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Typical Performance Curves 


Current Sense Input Threshold vs 
Error Amp Output Voltage 
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Figure 10 


Output Sink Capability In Under- 
Voltage Mode 
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Vaz — Output Saturation Voltage (V) 
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Vep — Error Amp Input Voltage (V) 
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Error Amp Input Voltage vs Ambient 
Temperature 


PTET TI TET Ey 
TTL rT PN 
iii“ tty NI 
BRP ARRERREEEKS 
TALL I I TTT Tt dS 
E/E 
FARERDERERSERE 
ALT tT 

OT Wie ere 
eo LILI IIIT 


Voo = 15 V 
~60 90 


pret nue (°C) 


2.510 













~ 
on 
e) 
3S 


2.490 





2.480 


2.470 





120 


150 
= 


Figure 11 


Output Saturation Voltage 


Reali Source Saturation 
all Vout~ Vec 
SSS 
nner 













ay 


! 


i= 


BNE Am 










WA | Pt 


peo 
cone ast 
ee ee 


10 100 500 
lout — Output Saturation Current (mA) 


Figure 13 


AS2842/3/4/5 


Application Information 


The AS2842/3/4/5 family of current-mode control 
ICs are low cost, high performance controllers 
which are pin compatible with the industry 
standard UC2842 series of devices. Suitable for 
many switch mode power supply applications, 
these ICs have been optimized for use in high 
frequency off-line and DC-DC converters. 
The AS2842 has been enhanced to provide 
significantly improved performance, resulting in 
exceptionally better tolerances in power supply 
manufacturing. In addition, all electrical charac- 
teristics are guaranteed over the full 0 to 105 °C 
temperature range. Among the many enhance- 
ments are: aprecision trimmed 2.5 volt reference 
(+0.5% of nominal at the error amplifier input), 
a significantly reduced propagation delay from 
current sense input to the IC output, a trimmed 
oscillator for precise duty-cycle clamping, a 
modified flip-flop scheme that gives a true 
50% duty ratio clamp on 2844/45 types, and 
an improved 5 V regulator for better AC noise 
immunity. Furthermore, the AS2842 provides 
guaranteed performance with current sense 
input below ground. The advanced oscillator 
design greatly simplifies synchronization. The 
device is more completely specified to guarantee 
all parameters that impact power supply 
manufacturing tolerances. 


AC LINE <ey 


Voc 






>1 mA 
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Section 1— Theory of Operation 


The functional block diagram of the AS2842 is 
shown in Figure 1. The IC is comprised of the 
six basic functions necessary to implement 
current mode control; the under voltage lockout; 
the reference; the oscillator; the error amplifier; 
the current sense comparator/PWM latch; 
and the output. The following paragraphs will 
describe the theory of operation of each of the 
functional blocks. 


1.1 Undervoltage lockout (UVLO) 


The undervoltage lockout function of the AS2842 
holds the IC in a low quiescent current ( 1 mA) 
“standby” mode until the supply voltage (Vcc) 
exceeds the upper UVLO threshold voltage. This 
guarantees that all of the IC’s internal circuitry are 
properly biased and fully functional before the 
output stage is enabled. Once the IC turns on, the 
UVLO threshold shifts to a lower level (hyster- 
esis) to prevent Vcc oscillations. 


The low quiescent current standby mode of the 
AS2842 allows “bootstrapping’—a technique 
used in off-line converters to start the IC from the 
rectified AC line voltage initially, after which power 
to the IC is provided by an auxiliary winding off the 
power supply’s main transformer. Figure 14 shows 
a typical bootstrap circuit where capacitor (C) Is 


i AS284x 


SEC 


IC ENABLE 


16 V/10 V (2842/4) 
8.4 V/7.8 V (2843/5) 


Figure 14. Bootstrap Circuit 
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charged via resistor (R) from the rectified AC line. 
When the voltage on the capacitor (Vcc) reaches 
the upper UVLO threshold, the IC (and hence, 
the power supply) turns on and the voltage on C 
begins to quickly discharge due to the increased 
operating current. During this time, the auxiliary 
winding begins to supply the current necessary 
to run the IC. The capacitor must be sufficiently 
large to maintain a voltage greater than the lower 
UVLO threshold during start up. The value of R 
must be selected to provide greater than 1 mA 
of current at the minimum DC bus voltage 
(R < VDCmin/1 mA). 


The UVLO feature of the AS2842 has significant 
advantages over standard 2842 devices. First, 
the UVLO thresholds are based on a temperature 
compensated band gap reference rather than 
conventional zeners. Second, the UVLO dis- 
ables the output at power down, offering addi- 
tional protection in cases where Vreg is heavily 
decoupled. The UVLO on some 2842 devices 
shuts down the 5 volt regulator only, which 
results in eventual power down of the output only 
after the 5 volt rail collapses. This can lead to 
unwanted stresses on the switching devices dur- 
ing power down. The AS2842 has two separate 
comparators which monitor both Vcc and Vrer 
and hold the output low if either are not within 
specification. | 


The AS2842 family offers two different UVLO 
options. The AS2842/4 has UVLO thresholds of 
16 volts (on) and 10 volts (off). The AS2843/5 has 
UVLO levels of 8.4 volts (on) and 7.6 volts (off). 


1.2 Reference (Vrec and Vrs) 


The AS2842 effectively has two precise band 
gap based temperature compensated voltage 
references. Most obvious is the Vpec pin (pin 8) 
which is the output of a series pass regulator. 
This 5.0 V output is normally used to provide 
charging current to the oscillator’s timing 


capacitor (Section 1.3). In addition, there is a 
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trimmed internal 2.5 V reference which is con- 
nected to the non-inverting (+) input of the error 
amplifier. The tolerance of the internal reference 
is +0.5% over the full specified temperature range, 
and +1% for Vrec. 


The reference section of the AS2842 is greatly 
improved over the standard 2842 in a number of 
ways. For example, ina closed loop system, the 
voltage at the error amplifier’s inverting input 
(Ves, pin 1) is forced by the loop to match the 
voltage at the non-inverting input. Thus, Vep is 
the voltage which sets the accuracy of the entire 
system. The 2.5 V reference of the AS2842 is 
tightly trimmed for precision at Vep, including 
errors caused by the op amp, and is specified 
over temperature. This method of trim provides a 
precise reference voltage for the error amplifier 
while maintaining the original 5 V regulator speci- 
fications. In addition, force/sense (Kelvin) bond- 
ing to the package pin is utilized to further im- 
prove the 5 V load regulation. Standard 2842's, 
on the other hand, specify tight regulation for the 
5 V output only and rate it over line, load and 
temperature. The voltage at Vrp, which is of 
critical importance, is loosely specified and only 
at 25° C. 


The reference section, in addition to providing a 
precise DC reference voltage, also powers most 
of the IC’s internal circuitry. Switching noise, 
therefore, can be internally coupled onto the 
reference. With this in mind, all of the logic within 
the AS2842 was designed with ECL type circuitry 
which generates less switching noise because it 
runs at essentially constant current regardless of 
logic state. This, together with improved AC 
noise rejection, results in substantially less switch- 
ing noise on the 5 V output. 


The reference output is short circuit protected 
and can safely deliver more than 20 mA to power 
external circuitry. 
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1.3 Oscillator 


The newly designed oscillator of the AS2842 is 
enhanced to give significantly improved perfor- 
mance. These enhancements are discussed in 
the following paragraphs. The basic operation of 
the oscillator is as follows: 


A simple RC network is used to program the 
frequency and the maximum duty ratio of the 
AS2842 output. See Figure 15. Timing capacitor 
(Cr) is charged through timing resistor (Rt) from 
the fixed 5.0 V at Vreg. During the charging time, 
the OUT (pin 6) is high. Assuming that the output 
is not terminated by the PWM latch, when the 
voltage across Cr reaches the upper oscillator 
trip point (3.0 V), an internal current sink from 
pin 4 to ground is turned on and discharges Cr 
towards the lower trip point. During this dis- 
charge time, an internal clock pulse blanks the 
output to its low state. When the voltage across 
Cr reaches the lower trip point (1.3 V), the 
current sink is turned off, the output goes high, 
and the cycle repeats. Since the outputis blanked 
during the discharge of Cr, itis the discharge time 
which controls the output deadtime and hence, 
the maximum duty ratio. 







Ry 


Cr 
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The nature of the AS2842 oscillator circuit is such 
that, fora given frequency, many combinations of 
Rr and Cr are possible. However, only one value 
of Rt will yield the desired maximum duty ratio at 
a given frequency. Since a precise maximum 
duty ratio clamp is critical for many power supply 
designs, the oscillator discharge current is 
trimmed in a unique manner which provides 
significantly improved tolerances as explained 
later in this section. In addition, the AS2844/5 
options have an internal flip-flop which effectively 
blanks every other output pulse (the oscillator 
runs at twice the output frequency), providing an 
absolute maximum 50% duty ratio regardless of 
discharge time. 


1.3.1 Selecting timing components Rr and Cr 


The values of Rr and Cr can be determined 
mathematically by the following expressions: 


— D = 1.63D (1) 
| K, Ry fosc 
Ryfosc in K. 


H 





v4aaaa 


OUTPUT | | | } | 
O 6 OUTPUT 


Large Ry/Small Cy 
LILIA. 
cane | | | | | | | | 


Small R7/ Large Cy 


Figure 15. Oscillator Set-up and Waveforms 


ASTEC Semiconductor 


Current Mode Controller 


! 


R. = Vee (K,)? 7 (K,,)? (2) 
: 152 ip 
tp (K,)? —(K,)? 
eey, WEE ~ par 
(0.736) > — (0.432) > 
V V 
K, =—*—\—= = 0.736 (3) 
REG 
V 
K, =——— = 0.432 (4) 
H 


where fosc iS the oscillator frequency, D is the 
maximum duty ratio, Vy is the oscillators upper 
trip point, Vi is the lower trip point, Vp is the 
Reference voltage, Ip is the discharge current. 


Table 1 lists some common values of Rr and the 
corresponding maximum duty ratio. To select the 
timing components; first, use Table 1 or equation 
(2) to determine the value of Ry that will yield the 
desired maximum duty ratio. Then, use equation 
(1) to calculate the value of Cr, For example, for 
a switching frequency of 250 kHz and a maxi- 
mum duty ratio of 50%, the value of Rr, from 
Table 1, is 683 . Applying this value to equation 
(1) and solving for Crgives a value of 4700 pF. In 
practice, some fine tuning of the initial values 
may be necessary during design. However, due 
to the advanced design of the AS2842 oscillator, 
once the final values are determined, they will 
yield repeatable results, thus eliminating the need 
for additional trimming of the timing components 
during manufacturing. 


1.3.2 Oscillator enhancements 


The AS2842 oscillator is trimmed to provide 
guaranteed duty ratio clamping. This means that 
the discharge current (Ip ) is trimmed to a value 


ASTEC Semiconductor 


47 


AS2842/3/4/5 


Table 1. Rr vs Maximum Duty Ratio 


Rr (Q) Dmax 
470 22% 
960 37% 
683 50% 
750 54% 
820 98% 
910 63% 

1,000 66% 

1,200 72% 

1,500 71% 

1,800 81% 

2,200 85% 

2,700 88% 

3,300 90% 

3,900 91% 

4,700 93% 

5,600 94% 

6,800 95% 

8,200 96% 

10,000 97% 
18,000 98% 


that compensates for all of the tolerances within 
the device (such as the tolerances of Vrec, 
propagation delays, the oscillator trip points, etc.) 
which have an effect on the frequency and maxi- 
mum duty ratio. For example, if the combined 
tolerances of a particular device are 0.5% above 
nominal, then Ip is trimmed to 0.5% above nomi- 
nal. This method of trimming virtually 
eliminates the need to trim external oscillator 
components during power supply manufactur- 
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ing. Standard 2842 devices specify or trim only 
for a specific value of discharge current. This 
makes precise and repeatable duty ratio clamp- 
ing virtually impossible due to other IC toler- 
ances. The AS2844/5 provides true 50% duty 
ratio clamping by virtue of excluding from its flip- 
flop scheme, the normal output blanking associ- 
ated with the discharge of Cr. Standard AS2844/ 
5 devices include the output blanking associated 
with the discharge of Cr, resulting in somewhat 
less than a 50% duty ratio. 


1.3.3 Synchronization 


The advanced design of the AS2842 oscillator 
simplifies synchronizing the frequency of two or 
more devices to each other or to an external 
clock. The Rt/Ct doubles as a synchronization 
input which can easily be driven from any open 
collector logic output. Figure 16 shows some 
simple circuits for implementing synchronization. 
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1.4 Error amplifier (COMP) 


The AS2842 error amplifier is a wide bandwidth, 
internally compensated operational amplifier 
which provides a high DC open loop gain (90 dB). 
The input to the amplifier is a PNP differential 
pair. The non-inverting (+) input is internally con- 
nected to the 2.5 V reference, and the inverting (— 
) input is available at pin 2 (VFB). The output of the 
error amplifier consists of an active pull-down 
and a0.8 mA current source pull-up as shown in 
Figure 17. This type of output stage allows easy 
implementation of soft start, latched shutdown 
and reduced current sense clamp functions. It 
also permits wire “OR-ing” of the error amplifier 
outputs of several 2842s, or complete bypass of 
the error amplifier when its output is forced to 
remain in its “pull-up” condition. 








Open Open 
Collector Collector 
CMOS 3K 
R/Cr 
2K 
SYNC EXTERNAL CLOCK 
Figure 16. Synchronization 
From | COMPENSATION 0.8 mA 
Vout NETWORK 








» 10 
PWM 


2.50 V 


Figure 17. Error Amplifier Compensation 
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In most typical power supply designs, the 
converter’s output voltage is divided down and 
monitored at the error amplifiers inverting input, 
Ves. Asimple resistor divider network is used and 
is scaled such that the voltage at Vrp is 2.5 V 
when the converter’s output is at the desired 
voltage. The voltage at Veg is then compared to 
the internal 2.5 V reference and any slight differ- 
ence is amplified by the high gain of the error 
amplifier. The resulting error amplifier output is 
level shifted by two diode drops and is then 
divided by three to provide a 0 to 1 V reference 
(Ve) to one input of the current sense comparator. 
The level shifting reduces the input voltage range 
of the current sense input and prevents the 
output from going high when the error amplifier 
output is forced to its low state. An internal clamp 
limits Veto 1.0 V. The purpose of the clamp is 
discussed in Section 1.5. 


1.4.1 Loop compensation 


Loop compensation of a power supply is neces- 
sary to ensure stability and provide good 
line/load regulation and dynamic response. 
lt is normally provided by a compensation 
network connected between the error amplifier’s 
output (COMP) and inverting input as shown 
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Figure 18. Gain/Phase Response of the AS2842 


ASTEC Semiconductor 


49 


AS2842/3/4/5 


in Figure 17. The type of network used depends 
on the converter topology and in particular, the 
characteristics of the major functional blocks 
within the supply - i.e. the error amplifier, the 
modulator/switching circuit, and the output filter. 
In general, the network is designed such that the 
converters overall gain/phase response 
approaches that of a single pole with a —20 dB/ 
decade rolloff, crossing unity gain at the highest 
possible frequency (up to fsw/4) for good 
dynamic response, with adequate phase margin 
(> 45°) to ensure stability. 


Figure 18 shows the Gain/Phase response of the 
error amplifier. The unity gain crossing is at 
1.2 MHz with approximately 57° C of phase 
margin. This information is useful in determining 
the configuration and characteristics required for 
the compensation network. 


One of the simplest types of compensation net- 
works is shown in Figure 19. An RC network 
provides a single pole which is normally set to 
compensate for the zero introduced by the the 
output capacitors ESR. The frequency of the 
pole (fp) is determined by the formula; 


- 


eae (5) 
20 R,; C, 





2.50 V 


Figure 19. A Typical Compensation Network 
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Resistors Ri and Rr set the low frequency gain 
and should be chosen to provide the highest 
possible gain, without exceeding the unity gain 
crossing frequency limit of fsw /4. Reias, in con- 
junction with Rj, sets the converter’s output volt- 
age; but has no effect on the loop gain/phase 
response. 


There are a few converter design considerations 
associated with the error amplifier. First, the 
values of the divider network (Ri and Reias) 
should be kept low in order to minimize errors 
caused by the error amplifier’s input bias current 
(-1.0 WA). An output voltage error equal to the 
product of the input bias current and the equiva- 
lent divider resistance, can be quite significant 
with divider values greater than 5k . Low divider 
resistor values also help to improve the noise 
immunity of the sensitive Veg input. 


The second consideration is that the error ampli- 
fier will typically source only 0.8 mA; thus, the 
value of feedback resistance (Rr) should be no 
lower than 5 kQ in order to maintain the error 
amplifier’s full output range. In practice, however, 
the feedback resistance required is usually much 
greater than 5 kQ, hence this limitation is nor- 
mally not a problem. 


Some power supply topologies may require a 
more elaborate compensation network. For ex- 
ample, flyback and boost converters operating 
with continuous current have transfer functions 
that include a right half plane (RHP) zero. These 
types of systems require an additional pole 
element within the compensation network. 
A detailed discussion of loop compensation, how- 
ever, is beyond the scope of this application note. 


1.5 Isense Current comparator/PWM latch 


The current sense comparator (sometimes called 
the PWM comparator) and accompanying 
latch circuitry make up the pulse width modulator 
(PWM). It provides pulse-by-pulse current 
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sensing/limiting and generates a variable duty 
ratio pulse train which controls the output voltage 
of the power supply. Included is a high speed 
comparator followed by ECL type logic circuitry 
which has very low propagation delays and switch- 
ing noise. This is essential for high frequency 
power supply designs. The comparator has been 
designed to provide guaranteed performance 
with the current sense input below ground. The 
PWM latch ensures that only one pulse is allowed 
at the output for each oscillator period. 


The inverting input to the current sense compara- 
tor is internally connected to the level shifted 
output of the error amplifier (VE) as discussed in 
the previous section. The non-inverting input is 
the Isense Input (pin 3). It monitors the switched 
inductor current of the converter. 


Figure 20 shows the current sense/PWM cir- 
cuitry of the AS2842, and associated waveforms. 
The output is set high by an internal clock pulse 
and remains high until one of two conditions 
occur; 1) the oscillator times out (Section 1.3 )or 
2) the PWM latch is set by the current sense 
comparator. During the time when the output is 
high, the converter’s switching device is turned 
on and current flows through resistor Rs. This 
produces a stepped ramp waveform at pin 3 as 
shown in Figure 20. The current will continue to 
ramp up until it reaches the level of Ve at the 
inverting input. At that point, the comparator’s 
output goes high, setting the PWM latch and the 
output pulse is then terminated. Thus, Ve Is a 
variable reference for the current sense com- 
parator, and it controls the peak current sensed 
by Rs on a cycle-by-cycle basis. Vs varies in 
proportion to changes in the input voltage/current 
(inner control loop) while Ve varies in proportion 
to changes in the converters output voltage/ 
current (outer controlloop). The two control loops 
merge at the current sense comparator, produc- 
ing a variable duty ratio pulse train that controls 
the output of the converter. 
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Figure 20. Current Sense/PWN Latch Circuit and Waveforms 


The current sense comparator’s inverting input is 
internally clamped to a level of 1.0 V to provide a 
current limit (or power limit for multiple output 
supplies) function. The value of Rsis selected to 
produce 1.0 V at the maximum allowed current. 
For example, if 1.5 A is the maximum allowed 
peak inductor current, then Rs is selected to 
equal 1 V/1.5 A= 0.66 Q. In high power applica- 
tions, power dissipation in the current sense 
resistor may become intolerable. In such a case, 
a Current transformer can be used to step down 
the current seen by the sense resistor. See 


Figure 21. 
N:1 
Rs é Is 
wa 


Figure 21. Optional Current Transformer 
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1.6 Output (OUT) 


The output stage of the AS2842 is a high current 
totem-pole configuration that is well suited for 
directly driving power MOSFETs. It is capable of 
sourcing and sinking up to 1 A of peak current. 
Cross conduction losses in the output stage have 
been minimized resulting in lower power dissipa- 
tion inthe device. This is particularly important for 
high frequency operation. During undervoltage 
shutdown conditions, the output is active low. 
This eliminates the need for an external pulldown 
resistor. 


1.7 Over-temperature shutdown 


The AS2842 has a built-in over-temperature 
shutdown which will limit the die temperature to 
130° C typically. When the over-temperature 
condition is reached, the oscillator is disabled. All 
other circuit blocks remain operational. There- 
fore, when the oscillator stops running, output 
pulses terminate without losing control of the 
supply or losing any peripheral functions that 
may be running off the 5 V regulator. The output 
may go high during the final cycle, but the PWM 
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latch is still fully operative, and the normal termi- 
nation of this cycle by the current sense com- 
parator will latch the output low until the over- 
temperature condition is rectified. Cycling the 
power will reset the over-temperature disable 
mechanism, or the chip will re-start after cooling 
through a nominal hysteresis band. 


Section 2 —- Design Considerations 
2.1 Leading edge filter 


The current sensed by Rs contains a leading 
edge spike as shown in Figure 20. This spike is 
caused by parasitic elements within the circuit 
including the interwinding capacitance of the 
power transformer and the recovery characteris- 
tics of the rectifier diode(s). The spike, if not 
properly filtered, can cause stability problems by 
prematurely terminating the output pulse. 


A simple RC filter is used to suppress the spike. 
The time constant should be chosen such that 
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it approximately equals the duration of the spike. 
A good choice for Ri is 1 kQ, as this value 
is optimum for the filter and at the same 
time, it simplifies the determination of Rstope 
(Section 2.2). If the duration of the spike is, for 
example, 100 ns, then C is determined by: 


_ Time Constant 
7 1kQ 

_ 100 ns 

~~ 1kQ 

= 100 pF 


(6) 





2.2 Slope compensation 


Current-mode controlled converters can experi- 
ence instabilities or subharmonic oscillations 
when operated at duty ratios greater than 50%. 
Two different phenomena can occur as shown 





Figure 22. Slope Compensation 
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graphically in Figure 22. 


First, current-mode controllers detect and control 
the peak inductor current, where as the 
converter’s output corresponds to the average 
inductor current. Figure 22(a) clearly shows that 
the average inductor current (I; & l2) changes as 
the duty ratio (D; & Dz) changes. Note that for a 
fixed control voltage, the peak current is the 
same for any duty ratio. The difference between 
the peak and average currents represents an 
error which causes the converter to deviate from 
true current-mode control. 


Second, Figure 22(b) depicts how a small pertur- 
bation of the inductor current ( 1) can result in an 

unstable condition. For duty ratios less than 50 
%, the disturbance will quickly converge to a 
steady state condition. For duty ratios greater 
than 50 %, | progressively increases on each 

cycle, causing an unstable condition. 


Both of these problems are corrected simulta- 
neously by injecting a compensating ramp into 
either the control voltage (Ve) as shown in Figure 
22(c) & (d), or to the current sense waveform at 
pin 3. Since V¢ is not directly accessible, and, a 
positive ramp waveform is readily available from 







VREG 


R/C, 
AS2842 


AS2842/3/4/5 


the oscillator at pin 4, it is more practical to add 
the slope compensation to the current waveform. 
This can be implemented quite simply with the 
addition of a single resistor, RsLope, between pin 
4 and pin 3 as shown in Figure 23(a). Rstope, in 
conjunction with the leading edge filter resistor, 
R (Section 2.1), forms a divider network which 
determines the amount of slope added to the 
waveform. The amount of slope added to the 
current waveform is inversely proportional to the 
value of Rstope. It has been determined that the 
amount of slope (m) required is equal to or 
greater than 1/2 the downslope (me) of the induc- 
tor current. Mathematically stated: 


= (7) 
A) er 

2 
In some cases the required value of Rs_ope may 
be low enough to affect the oscillator circuit and 


_ thus cause the frequency to shift. An emitter 


follower circuit can be used as a buffer for Rs_ope 
as depicted in Figure 23(b). 


Slope compensation can also be used to improve 
noise immunity in current mode converters oper- 
ating at less than 50% duty ratio. Power supplies 








VREG 
AS2842 


Figure 23. Slope Compensation 
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operating under very light load can experience 
instabilities caused by the low amplitude of the 
current sense ramp waveform. In such a case, 
any noise on the waveform can be sufficient to 
trip the comparator resulting in random and pre- 
mature pulse termination. The addition of a small 
amount of artificial ramp (slope compensation) 
can eliminate such problems without drastically 
affecting the overall performance of the system. 


2.3 Circuit layout and other considerations 


The electronic noise generated by any switch- 
mode power supply can cause severe stability 
problems if the circuit is not layed-out (wired) 
properly. A few simple layout practices will help to 
minimize noise problems. 


When building prototype breadboards, never use 
plug-in protoboards or wire wrap construction. 
For best results, do all breadboarding on double 
sided PCB using ground plane techniques. Keep 
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all traces and lead lengths to a minimum. Avoid 
large loops and keep the area enclosed within 
any loops to a minimum. Use common point 
grounding techniques and separate the power 
ground traces from the signal ground traces. 
Locate the control IC and circuitry away from 
switching devices and magnetics. Also, the tim- 
ing capacitors ground connection must be right 
at pin 5 as shown in Figure 15. These grounding 
and wiring techniques are very important be- 
cause the resistance and inductance of the traces 
are significant enough to generate noise glitches 
which can disrupt the normal operation of the IC. 


Also, to provide a low impedance path for high 
frequency noise, Vcc.and Vrer should be 
decoupled to IC ground with 0.1 uF capacitors. 
Additional decoupling in other sensitive areas 
may also be necessary. It is very important to 
locate the decoupling capacitors as close as 
possible to the circuit being decoupled. 





Features 


® 2.5 V bandgap reference 
trimmed to 1.0% and 
temperature-compensated 


e Standard temperature range 
extended to 105° C 


® AS3842/3 oscillations trimmed 


for precision duty cycle clamp 





duty cycle clamp 


® Advanced oscillator design 
simplifies synchronization 


® Improved specs on UVLO 
and hysteresis provide 
more predictable start-up 
and shutdown 


better AC noise immunity 


® Guaranteed performance 
with current sense pulled 
below ground 


®@ AS3844/5 have exact 50% max 


® Improved 5 V regulator provides 


Pin Configuration — Top view 
PDIP (N) 





Ordering Information 


Description 
8-Pin Plastic DIP 
8-Pin Plastic SOIC 


OME Vp EG 
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Description 


The AS3842 family of control ICs provide pin-for-pin 
replacement of the industry standard UC3842 series of 
devices. The devices are redesigned to provide signifi- 
cantly improved tolerances in power supply manufactur- 
ing. The 2.5 V reference has been trimmed to 1.0% 
tolerance. The oscillator discharge current is trimmed to 
provide guaranteed duty cycle clamping rather than speci- 
fied discharge current. The circuit is more completely 
specified to guarantee all parameters impacting power 
supply manufacturing tolerances. 


In addition, the oscillator and flip-flop sections have been 
enhanced to provide additional performance. The Rr/Cr 
pin now doubles as a synchronization input that can be 
easily driven from open collector/open drain logic out- 
puts. This sync input is a high impedance input and can 
easily be used for externally clocked systems. The new 
flip-flop topology allows the duty cycle on the AS3844/5 to 
be guaranteed between 49 and 50%. The AS3843/5 
requires less than 0.5 mA of start-up current over the full 
temperature range. 


BL SOIC (D) 





Temperature Range Order Codes 
0 to 105°C AS3842/3/4/5N 
0 to 105° C AS3842/3/4/5D-8 
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Functional Block Diagram (6.0v) 4 
COMP (2.5 V) 


[> 
Zi 2R 


VeB ERROR AMP 
(1.0 V) 





PWM + ns 
COMPARATOR S PWM LOGIC 


R | pl Se 6 
A OUTPUT 
CURRENT (5 V) 
SENSE 


CLK = 2 [3844/45] 
e 


(3.0 V) ae 
1 es 1 CLK [3842/43] 
R/C; ed ‘ GND 
a FF 
1 —-R 
C OSCILLATOR ] an 


OVER 
TEMPERATURE 
Figure 1. Block Diagram of the AS3842/3/4/5 


Pin Function Description 


\/ 


Pin Number = Function Description 

] COMP This pin is the error amplifier output. Typically used to provide loop compensation to 
maintain Vep at 2.5 V. 

2 VFB Inverting input of the error amplifier. The non-inverting input is a trimmed 2.5 V 
bandgap reference. 

3 Current A voltage proportional to inductor current is connected to the input. The PWM uses 

Sense this information to terminate the gate drive of the output. 
4 Rr/Cr Oscillator frequency and maximum output duty cycle are set by connecting a resistor 


(Rt) to Vreg and a capacitor (Cr) to ground. Pulling this pin to ground or to Vreg will 
accomplish a synchronization function. 


5 GND Circuit common ground, power ground, and IC substrate. 


(o>) 


Output This output is designed to directly drive a power MOSFET switch. This output can sink 
or source peak currents up to 1A. The output for the AS3844/5 switches at one-half the 
oscillator frequency. 


7 Voc Positive supply voltage for the IC. 
8 VREG This 5 V regulated output provides charging current for the capacitor C+ through the 
resistor Rr. 


ASTEC Semiconductor 


Current Mode Controller 


Absolute Maximum Ratings 


Parameter 


Supply Voltage (Icc < 30 mA) 


Supply Voltage (Low Impedance Source) 


Output Current 

Output Energy (Capacitive Load) 
Analog Inputs (Pin 2, Pin 3) 

. Error Amp Sink Current 


Maximum Power Dissipation 
8L SOIC 
8L PDIP 


Maximum Junction Temperature 
Storage Temperature Range 


Lead Temperature, Soldering 10 Seconds 


AS3842/3/4/5 

Symbol Rating Unit 
Voc Self-Limiting V 
Vcc 30 V 
lout +] A 
a) ud 
—0.3 to 30 V 

10 mA 

Pp 

750 mW 

1000 mW 

Ty 150 °C 
Tstq —65 to 150 °C 
TL 300 °C 


Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


Recommended Conditions 


Parameter Symbol Rating 
Supply Voltage Voc 
AS3842,4 15 
AS3843,5 10 
Oscillator fosc 50 to 500 
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Unit 


kHz 


Typical Thermal Resistances 


Package Qua Buc Typical Derating 
8L PDIP 95° C/W 50° C/W 10.5 mW/°C 
8L SOIC 175° C/W 45° C/W 5.7 mW/°C 


o/ 
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Electrical Characteristics 


Electrical characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated based on 
power dissipation and package thermal characteristics. The conditions are: Vcc = 15 Vj Rr = 10 kQ, and Cr = 3.3 nF, unless otherwise stated. To 
override UVLO, Vcc should be raised above 17 V prior to test. 


Parameter 
5 V Regulator 


Output Voltage 

Line Regulation 

Load Regulation 
Temperature Stability’ 
Total Output Variation! 
Long-term Stability’ 
Output Noise Voltage 


Short Circuit Current 
2.5 V Internal Reference 


Nominal Voltage 

Line Regulation 

Load Regulation 
Temperature Stability’ 
Total Output Variation! 


Long-term Stability’ 
Oscillator 


Initial Accuracy 
Voltage Stability 
Temperature Stability’ 
Amplitude 

Upper Trip Point 
Lower Trip Point 
Sync Threshold 
‘Discharge Current 


Duty Cycle Limit 
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| Symbol__| TestCondition =| «Min | Typ =| Max | Unit 
[vase [Te C ieomimk | a6 600 | BS 


es 
a Ae 
a 
es ee n 
Pie [oie towereare [Pe [Tn 
Isc 30 180 mA 
ve [Tea Ghes= ima ‘| 2ars [aa | am 
et wvve av | te Ps pw 
ee 
[Tinie ao [ost [oss |v 
Over 1,000 hrs at 125° C 12 mV 
ca a 
Fe ttt ps % 
a 
we Sd 
a 
pvome | a0 || 00 |v 
Ch es Ee mA 
Rr = 680 Q, Cr = 5.3 nF, Ty = 25° C 46 % 
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Electrical Characteristics (cont'd) 


Electrical characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated based on 
power dissipation and package thermal characteristics. The conditions are: Vcc = 15 V, Rr = 10 kQ, and Cy = 3.3 nF, unless otherwise stated. To 
override UVLO, Vcc should be raised above 17 V prior to test. 


Test Condition | Min | Typ | Max | Unit 


Parameter Symbol 


Error Amplifier 


Q 
WO 


Transconductance _ 
Unity Gain Bandwidth! ps 
Power Supply Rejection Ratio PSRR 
Output Sink Current ICOMPL 
Output Source Current ICOMPH 


Output Swing High VcomPH Vee = 2.3 V, RL = 15 kQ to Ground 
Output Swing Low VcOMPL Vep = 2.7 V, Ri = 15 kQ to Pin 8 


Current Sense Comparator 


Transfer Gain?® AVcs 
Maximum Input Signal? 
Power Supply Rejection Ratio PSRR 
Input Bias Current IBIAS Re 

ee 


Propagation Delay to Output’ 


mA/mV 
MHz 
dB 
mA 


— 
NO 


mA 


1.1 V 


> 


3.0 3.15 VV 


=) 


on 
—_ 
o1 


0 ns 


Output 

Output Low Level Isink = 20 MA 0.1 0.4 V 

Output High Level Vou Isource = 20mA 13 13:5 V 
VoH Isource = 200mMA 12 13.5 V 

Rise Time’ ote CL=1nF 150 ns 

Fall Time! aa CL=1nF 50 150 ns 


Housekeeping 
Start-up Threshold Vec(o 3842/4 
3843/5 
3842/4 
3843/5 
Isink = 20 mA, Vcc = 6 V 


Minimum Operating Voltage Vec(min) 


After Turn On 6 


Output Low Level in UV State Vouv 2.0 


™N 
—_— Oo } o 
3 + + 1a |G i> | — 
fo) 
< 
> 


mo + 1|o ™N — 


co 


Over-Temperature Shutdown’ 125 
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Electrical Characteristics (cont'd) 


Electrical characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated based on 
power dissipation and package thermal characteristics. The conditions are: Vcc = 15 V Rr = 10 kQ, and Cr = 3.3 nF, unless otherwise stated. To 
override UVLO, Vcc should be raised above 17 V prior to test. 


Parameter Symbol Test Condition | Min | Typ | Max | Unit 

i a aaa (EY: (sa 
Ta eve [ER ean eae err eS Se CMe 

Minimum Duty Cycle Dinin 3842/3 Le ee % 


wT ame : 

3842/4, Veg = Veense = 0 V, Veo = 14 V | | 8 1.0 mA 

3843/5, Ves = Vsense =0 V, Voc =7 V Lo 
Pa 


Maximum Duty Cycle Dmax 
Minimum Duty Cycle Dinin 
Supply Current 


Start-up Current loc 


Operating Supply Current loc 
Vcc Zener Voltage Vz lcc = 25 mA 30 V 
Notes: 


1. This parameter is not 100% tested in production. 

2. Parameter measured at trip point of PWM latch. 

3. Transfer gain is the relationship between current sense input and corresponding error amplifier output at the PWM latch trip point 
and is mathematically expressed as follows: 


A= At come —0.2 < Veunsy < 0.8 V 
AV sense 


4. At the over-temperature threshold, Tor, the oscillator is disabled. The 5 V reference and the PWM stages, including the PWM 
latch, remain powered. | 
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Typical Performance Curves 


Supply Current vs Supply Voltage Output Voltage vs Supply Voltage 
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Typical Performance Curves 


AV reg ~ Regulator Voltage Change (mV) 


C, — Timing Capacitor (nF) 








Regulator Load Regulation 


PPTL 
TEN TTP 
THAT WNL 


150° C —55° C 
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ls¢ — Regulator Source Current (mA) 


Figure 6 


Timing Capacitor vs Oscillator 
Frequency 
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Fogo — Oscillator Frequency (kHz) 


Figure 8 
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Maximum Duty Cycle (%) 


Maximum Duty Cycle (%) 
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Maximum Duty Cycle vs Timing 
Resistor 
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Figure 7 


Maximum Duty Cycle Temperature 
Stability 
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Figure 9 
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Typical Performance Curves 


Current Sense Input Threshold vs Error Amp Input Voltage vs Ambient 
Error Amp Output Voltage Temperature 
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Figure 10 Figure 11 


Output Sink Capability In Under- 
Voltage Mode Output Saturation Voltage 
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loyr — Output Sink Current (mA) 


Vosaz — Output Saturation Voltage (V) 
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Vout — Output Voltage (V) loyr — Output Saturation Current (mA) 


Figure 12 Figure 13 
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Application Information 


The AS3842/3/4/5 family of current-mode control 
ICs are low cost, high performance controllers 
which are pin compatible with the industry 
standard UC3842 series of devices. Suitable for 
many switch mode power supply applications, 
these ICs have been optimized for use in high 
frequency off-line and DC-DC converters. 
The AS38842 has been enhanced to provide 
significantly improved performance, resulting in 
exceptionally better tolerances in power supply 
manufacturing. In addition, all electrical charac- 
teristics are guaranteed over the full 0 to 105 °C 
temperature range. Among the many enhance- 
ments are: aprecision trimmed 2.5 volt reference 
(+/- 1% of nominal at the error amplifier input), 
a significantly reduced propagation delay from 
current sense input to the IC output, a trimmed 
oscillator for precise duty-cycle clamping, a 
modified flip-flop scheme that gives a true 
50% duty ratio clamp on 3844/45 types, and 
an improved 5 V regulator for better AC noise 
immunity. Furthermore, the AS3842 provides 
guaranteed performance with current sense 
input below ground. The advanced oscillator 
design greatly simplifies synchronization. The 
device is more completely specified to guarantee 
all parameters that impact power supply 
manufacturing tolerances. 






>1 mA 


AC LINE ne, 
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Section 1— Theory of Operation 


The functional block diagram of the AS3842 is 
shown in Figure 01. The IC is comprised of the 
six basic functions necessary to implement 
current mode control; the under-voltage lockout; 
the reference; the oscillator; the error amplifier; 
the current sense comparator/PWM latch; 
and the output. The following paragraphs will 
describe the theory of operation of each of the 
functional blocks. 


1.1 Under-voltage lockout (UVLO) 


The under-voltage lockout function of the AS3842 
holds the IC in a low quiescent current ( 1 mA) 
“standby” mode until the supply voltage (Vcc) 
exceeds the upper UVLO threshold voltage. This 
guarantees that all of the IC’s internal circuitry are 
properly biased and fully functional before the 
output stage is enabled. Once the IC turns on, the 
UVLO threshold shifts to a lower level (hyster- 
esis) to prevent Vcc oscillations. 


The low quiescent current standby mode of the 
AS3842 allows “bootstrapping’——a technique 
used in off-line converters to start the IC from the 
rectified AC line voltage initially, after which power 
to the IC is provided by an auxiliary winding off the 
power supply’s main transformer. Figure 14 shows 
a typical bootstrap circuit where capacitor (C) is 


oS} © AS384x 


SEC 


IC ENABLE 


16 V/10 V (3842/4) 
8.4 V/7.8 V (3843/5) 


Figure 14. Bootstrap Circuit 
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charged via resistor (R) from the rectified AC line. 
When the voltage on the capacitor (Vcc) reaches 
the upper UVLO threshold, the IC (and hence, 
the power supply) turns on and the voltage on C 
begins to quickly discharge due to the increased 
operating current. During this time, the auxiliary 
winding begins to supply the current necessary 
to run the IC. The capacitor must be sufficiently 
large to maintain a voltage greater than the lower 
UVLO threshold during start up. The value of R 
must be selected to provide greater than 1 mA 
of current at the minimum DC bus voltage 
(R < VDCmin/1 mA). 


The UVLO feature of the AS3842 has significant 
advantages over standard 3842 devices. First, 
the UVLO thresholds are based ona temperature 
compensated band gap reference rather than 
conventional zeners. Second, the UVLO dis- 
ables the output at power down, offering addi- 
tional protection in cases where Vrec is heavily 
decoupled. The UVLO on some 3842 devices 
shuts down the 5 volt regulator only, which 
results in eventual power down of the output only 
after the 5 volt rail collapses. This can lead to 
unwanted stresses on the switching devices dur- 
ing power down. The AS3842 has two separate 
comparators which monitor both Vcc and Vrer 
and hold the output low if either are not within 
specification. 


The AS3842 family offers two different UVLO 
options. The AS3842/4 has UVLO thresholds of 
16 volts (on) and 10 volts (off). The AS3843/5 has 
_ UVLO levels of 8.4 volts (on) and 7.6 volts (off). 


1.2 Reference (Vrec and Vrs) 


The AS3842 effectively has two precise band 
gap based temperature compensated voltage 
references. Most obvious Is the Vrec pin (pin 8) 
which is the output of a series pass regulator. 
This 5.0 V output is normally used to provide 
charging current to the oscillator’s timing 
capacitor (Section 1.3). In addition, there is a 
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trimmed internal 2.5 V reference which is con- 
nected to the non-inverting (+) input of the error 
amplifier. The tolerance of the internal reference 
is+ 1% over the full specified temperature range, 
and + 1% for Vrec. 


The reference section of the AS3842 is greatly 
improved over the standard 3842 in a number of 
ways. For example, in a closed loop system, the 
voltage at the error amplifiers inverting input 
(Vep, pin 1) is forced by the loop to match the 
voltage at the non-inverting input. Thus, Veg is 
the voltage which sets the accuracy of the entire 
system. The 2.5 V reference of the AS3842 is 
tightly trimmed for precision at Vep, including 
errors caused by the op amp, and is specified 
over temperature. This method of trim provides a 
precise reference voltage for the error amplifier 
while maintaining the original 5 V regulator speci- 
fications. In addition, force/sense (Kelvin) bond- 
ing to the package pin is utilized to further im- 
prove the 5 V load regulation. Standard 3842’s, 
on the other hand, specify tight regulation for the 
5 V output only and rate it over line, load and 
temperature. The voltage at Verp, which is of 
critical importance, is loosely specified and only 
at 25° C. 


The reference section, in addition to providing a 
precise DC reference voltage, also powers most 
of the IC’s internal circuitry. Switching noise, 
therefore, can be internally coupled onto the 
reference. With this in mind, all of the logic within 
the AS3842 was designed with ECL type circuitry 
which generates less switching noise because it 
runs at essentially constant current regardless of 
logic state. This, together with improved AC 
noise rejection, results in substantially less switch- 
ing noise on the 5 V output. 


The reference output is short circuit protected 
and can safely deliver more than 20 mA to power 
external circuitry. 


AS3842/3/4/5 


1.3 Oscillator 


The newly designed oscillator of the AS3842 is 
enhanced to give significantly improved perfor- 
mance. These enhancements are discussed in 
the following paragraphs. The basic operation of 
the oscillator is as follows: 


A simple RC network is used to program the 
frequency and the maximum duty ratio of the 
AS3842 output. See Figure 15. Timing capacitor 
(Cr) is charged through timing resistor (Rr) from 
the fixed 5.0 V at Vreg. During the charging time, 
the OUT (pin 6) is high. Assuming that the output 
is not terminated by the PWM latch, when the 
voltage across Cry reaches the upper oscillator 
trip point ( 3.0 V), an internal current sink from 
pin 4 to ground is turned on and discharges Cr 
towards the lower trip point. During this dis- 
charge time, an internal clock pulse blanks the 
output to its low state. When the voltage across 
Cr reaches the lower trip point (1.3 V), the 
current sink is turned off, the output goes high, 
and the cycle repeats. Since the output is blanked 
during the discharge of Cr, itis the discharge time 
which controls the output deadtime and hence, 
the maximum duty ratio. 





6 OUTPUT 
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The nature of the AS3842 oscillator circuit is such 
that, fora given frequency, many combinations of 
Rr and Crare possible. However, only one value 
of Rr will yield the desired maximum duty ratio at 
a given frequency. Since a precise maximum 
duty ratio clamp is critical for many power supply 
designs, the oscillator discharge current is 
trimmed in a unique manner which provides 
significantly improved tolerances as explained 
later in this section. In addition, the AS3844/5 
options have an internal flip-flop which effectively 
blanks every otner output pulse (the oscillator 
runs at twice the output frequency), providing an 
absolute maximum 50% duty ratio regardless of 
discharge time. 


1.3.1 Selecting timing components Rr and Cr 


The values of Rr and Cr can be determined 
mathematically by the following expressions: 


6.2 D = 1.63D (1) 
K, Rx fosc 
Ryfosc In K_ 


H 





aaa 
OUTPUT | | | | | 


Large R7/Small C+ 


TILIA. 


OUTPUT 


Small R7/ Large C+ 


Figure 15. Oscillator Set-up and Waveforms 
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Pe ET 
> (K,)* -(Ky)? 
La WEED _ . 
(0.736) > — (0.432) > 
Vang — V, 
K, =————£ = 0.736 (3) 
REG 
V V 
K, =——~ —“ = 0.432 (4) 
H 


where fosc iS the oscillator frequency, D is the 
maximum duty ratio, Vy is the oscillators upper 
trip point, V_ is the lower trip point, Vr is the 
Reference voltage, Ip is the discharge current. 


Table 1 lists some common values of Rr and the 
corresponding maximum duty ratio. To select the 
timing components; first, use Table 1 or equation 
(2) to determine the value of Rr that will yield the 
desired maximum duty ratio. Then, use equation 
(1) to calculate the value of Cr. For example, for 
a switching frequency of 250 kHz and a maxi- 
mum duty ratio of 50%, the value of Rr, from 
Table 1, is 683 . Applying this value to equation 
(1) and solving for Cr gives a value of 4700 pF. In 
practice, some fine tuning of the initial values 
may be necessary during design. However, due 
to the advanced design of the AS3842 oscillator, 
once the final values are determined, they will 
yield repeatable results, thus eliminating the need 
for additional trimming of the timing components 
during manufacturing. 


1.3.2 Oscillator enhancements 


The AS3842 oscillator is trimmed to provide 
guaranteed duty ratio clamping. This means that 
the discharge current (Ip ) is trimmed to a value 


ASTEC Semiconductor 


67 


AS3842/3/4/5 

Table 1. Rr vs Maximum Duty Ratio 

— R(Q)—~—~—~—~—st mx” 
470 22% 
560 37% 
683 50% 
750 54% 
820 58% 
910 63% 
1,000 66% 
1,200 72% 
1,500 77% 
1,800 81% 
2,200 85% 
2,700 88% 
3,300 90% 
3,900 91% 
4,700 93% 
5,600 94% 
6,800 95% 
8,200 96% 
10,000 97% 
18,000 98% 


that compensates for all of the tolerances within 
the device (such as the tolerances of Vrec, 
propagation delays, the oscillator trip points, etc.) 
which have an effect on the frequency and maxi- 
mum duty ratio. For example, if the combined 
tolerances of a particular device are 0.5% above 
nominal, then Ip is trimmed to 0.5% above nomi- 
nal. This method of trimming virtually 
eliminates the need to trim external oscillator 
components during power supply manufactur- 


AS3842/3/4/5 


ing. Standard 3842 devices specify or trim only 
for a specific value of discharge current. This 
makes precise and repeatable duty ratio clamp- 
ing virtually impossible due to other IC toler- 
ances. The AS3844/5 provides true 50% duty 
ratio clamping by virtue of excluding from its flip- 
flop scheme, the normal output blanking associ- 
ated with the discharge of Cr. Standard 3844/5 
devices include the output blanking associated 
with the discharge of Cr, resulting in somewhat 
less than a 50% duty ratio. 


1.3.3 Synchronization 


The advanced design of the AS3842 oscillator 
simplifies synchronizing the frequency of two or 
more devices to each other or to an external 
clock. The Rr/Cr doubles as a synchronization 
input which can easily be driven from any open 
collector logic output. Figure 16 shows some 
simple circuits for implementing synchronization. 







VREG 
Open 
Collector 


SYNC 


COMPENSATION 
NETWORK 


Vout 






Current Mode Controller 


1.4 Error amplifier (COMP) 


The AS3842 error amplifier is a wide bandwidth, 
internally compensated operational amplifier 
which provides a high DC open loop gain (90 dB). 
The input to the amplifier is a PNP differential 
pair. The non-inverting (+) input is internally con- 
nected to the 2.5 V reference, and the inverting (- 
) inputis available at pin 2 (Veg). The output of the 
error amplifier consists of an active pull-down 
and a 0.8 mA current source pull-up as shown in 
Figure 17. This type of output stage allows easy 
implementation of soft start, latched shutdown 
and reduced current sense clamp functions. It 
also permits wire “OR-ing’” of the error amplifier 
outputs of several 3842s, or complete bypass of 
the error amplifier when its output is forced to 
remain in its “pull-up” condition. 






5V 
Open 
Collector 
MOS 3K 
R+/C+ 
2K 
EXTERNAL CLOCK 
0.8mA 
3 TO 
PWM 





2.50 V 


Figure 17. Error Amplifier Compensation 
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In most typical power supply designs, the 
converter’s output voltage is divided down and 
monitored at the error amplifier’s inverting input, 
Ves. Asimple resistor divider network is used and 
is scaled such that the voltage at Vrp is 2.5 V 
when the converter’s output is at the desired 
voltage. The voltage at Vrp is then compared to 
the internal 2.5 V reference and any slight differ- 
ence is amplified by the high gain of the error 
amplifier. The resulting error amplifier output is 
level shifted by two diode drops and is then 
divided by three to provide a 0 to 1 V reference 
(Ve) to one input of the current sense comparator. 
The level shifting reduces the input voltage range 
of the current sense input and prevents the 
Output from going high when the error amplifier 
output is forced to its low state. An internal clamp 
limits Ve to 1.0 V. The purpose of the clamp is 
discussed in Section 1.5. 


1.4.1 Loop compensation 


Loop compensation of a power supply is neces- 
sary to ensure stability and provide good 
line/load regulation and dynamic response. 
It is normally provided by a compensation 
network connected between the error amplifier’s 
output (COMP) and inverting input as shown 


Gain (dB) 





Phase (Degrees) 





10! 102 103 104 10° 106 10’ 
Frequency (Hz) 


Figure 18. Gain/Phase Response of the AS3842 
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in Figure 17. The type of network used depends 
on the converter topology and in particular, the 
characteristics of the major functional blocks 
within the supply - i.e. the error amplifier, the 
modulator/switching circuit, and the output filter. 
In general, the network is designed such that the 
converter’s overall gain/phase response 
approaches that of a single pole with a —20 dB/ 
decade rolloff, crossing unity gain at the highest 
possible frequency (up to fsw/4) for good 
dynamic response, with adequate phase margin 
(> 45°) to ensure stability. 


Figure 18 shows the Gain/Phase response of the 
error amplifier. The unity gain crossing is at 
1.2 MHz with approximately 57° C of phase 
margin. This information is useful in determining 
the configuration and characteristics required for 
the compensation network. 


One of the simplest types of compensation net- 
works is shown in Figure 19. An RC network 
provides a single pole which is normally set to 
compensate for the zero introduced by the the 
output capacitors ESR. The frequency of the 
pole (fp) is determined by the formula; 


fp = : 


a (3) 
21 R, C, 





2.50 V 


Figure 19. A Typical Compensation Network 
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Resistors Ri and Rr set the low frequency gain 
and should be chosen to provide the highest 
possible gain, without exceeding the unity gain 
crossing frequency limit of fsw /4. Reias, in con- 
junction with Ri, sets the converter’s output volt- 
age; but has no effect on the loop gain/phase 
response. 


There are a few converter design considerations 
associated with the error amplifier. First, the 
values of the divider network (Ri and Reis) 
should be kept low in order to minimize errors 
caused by the error amplifier’s input bias current. 
- Anoutput voltage error equal to the product of the 
input bias current and the equivalent divider 
resistance, can be quite significant with divider 
values greater than 5 k . Low divider resistor 
values also help to improve the noise immunity of 
the sensitive Veg input. 


The second consideration is that the error ampli- 
fier will typically source only 0.8 mA; thus, the 
value of feedback resistance (Rr) should be no 
lower than 5 kQ in order to maintain the error 
amplifier’s full output range. In practice, however, 
the feedback resistance required is usually much 
greater than 5 kQ, hence this limitation is nor- 
mally not a problem. 


some power supply topologies may require a 
more elaborate compensation network. For ex- 
ample, flyback and boost converters operating 
with continuous current have transfer functions 
that include a right half plane (RHP) zero. These 
types of systems require an additional pole 
element within the compensation network. 
A detailed discussion of loop compensation, how- 
ever, is beyond the scope of this application note. 


1.5 lsense Current comparator/PWM latch 


The currentsense comparator (Sometimes called 
the PWM comparator) and accompanying 
latch circuitry make up the pulse width modulator 
(PWM). It provides pulse-by-pulse current 
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sensing/limiting and generates a variable duty 


_ ratio pulse train which controls the output voltage 


of the power supply. Included is a high speed 
comparator followed by ECL type logic circuitry 
which has very low propagation delays and switch- 
ing noise. This is essential for high frequency 
power supply designs. The comparator has been 
designed to provide guaranteed performance 
with the current sense input below ground. The 
PWM latch ensures that only one pulse is allowed 
at the output for each oscillator period. 


The inverting input to the current sense compara- 
tor is internally connected to the level shifted 
output of the error amplifier (Ve) as discused in 
the previous section. The non-inverting input is 
the Isense input (pin 3). It monitors the switched 
inductor current of the converter. 


Figure 20 shows the current sense/PWM cir- 
cuitry of the AS3842, and associated waveforms. 
The output is set high by an internal clock pulse 
and remains high until one of two conditions 
occur; 1) the oscillator times out (Section 1.3 )or 
2) the PWM latch is set by the current sense 
comparator. During the time when the output is 
high, the converter’s switching device is turned 
on and current flows through resistor Rs. This 
produces a stepped ramp waveform at pin 3 as 
shown in Figure 20. The current will continue to 
ramp up until it reaches the level of Ve at the 
inverting input. At that point, the comparator’s 
output goes high, setting the PWM latch and the 
output pulse is then terminated. Thus, Ve is a 
variable reference for the current sense com- 
parator, and it controls the peak current sensed 
by Rs on a cycle-by-cycle basis. Vs varies in 
proportion to changes in the input voltage/current 
(inner control loop) while Ve varies in proportion 
to changes in the converters output voltage/ 
current (outer control loop). The two control loops 
merge at the current sense comparator, produc- 
ing a variable duty ratio pulse train that controls 
the output of the converter. 
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Figure 20. Current Sense/PWN Latch Circuit and Waveforms 


The current sense comparator’s inverting input is 
internally clamped to a level of 1.0 V to provide a 
current limit (or power limit for multiple output 
supplies) function. The value of Rsis selected to 
produce 1.0 V at the maximum allowed current. 
For example, if 1.5 A is the maximum allowed 
peak inductor current, then Rs is selected to 
equal 1 V/1.5 A = 0.66 Q. In high power applica- 
— tions, power dissipation in the current sense 
resistor may become intolerable. In such a case, 
a current transformer can be used to step down 
the current seen by the sense resistor. See 


Figure 21. 
N:1 
Rs | Is 
TL 


Figure 21. Optional Current Transformer 
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1.6 Output (OUT) 


The output stage of the AS3842 is a high current 
totem-pole configuration that is well suited for 
directly driving power MOSFETs. It is capable of 
sourcing and sinking up to 1 A of peak current. 
Cross conduction losses in the output stage have 
been minimized resulting in lower power dissipa- 
tion inthe device. This is particularly important for 
high frequency operation. During under-voltage 
shutdown conditions, the output is active low. 
This eliminates the need for an external pulldown 
resistor. 


1.7 Over-temperature shutdown 


The AS3842 has a built-in over-temperature 
shutdown which will limit the die temperature to 
130° C typically. When the over-temperature 
condition is reached, the oscillator is disabled. All 
other circuit blocks remain operational. There- 
fore, when the oscillator stops running, output 
pulses terminate without losing control of the 
supply or losing any peripheral functions that 
may be running off the 5 V regulator. The output 
may go high during the final cycle, but the PWM 


AS3842/3/4/5 


latch is still fully operative, and the normal termi- 
nation of this cycle by the current sense com- 
parator will latch the output low until the over- 
temperature condition is rectified. Cycling the 
power will reset the over-temperature disable 
mechanism, or the chip will re-start after cooling 
through a nominal hysteresis band. 


Section 2 — Design Considerations 
2.1 Leading edge filter 


The current sensed by Rs contains a leading 
edge spike as shown in Figure 20. This spike is 
caused by parasitic elements within the circuit 
including the interwinding capacitance of the 
power transformer and the recovery characteris- 
tics of the rectifier diode(s). The spike, if not 
properly filtered, can cause stability problems by 
prematurely terminating the output pulse. 


A simple RC filter is used to suppress the spike. 
The time constant should be chosen such that 
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it approximately equals the duration of the spike. 
A good choice for R; is 1 kQ, as this value 
is optimum for the filter and at the same 
time, it simplifies the determination of Rstope 
(Section 2.2). If the duration of the spike is, for 
example, 100 ns, then C is determined by: 


_ Time Constant 
7 1kQ 

_ 100 ns 

~ 1kQ 

= 100 pF 


(6) 





2.2 Slope compensation 


Current-mode controlled converters can experi- 
ence instabilities or subharmonic oscillations 
when operated at duty ratios greater than 50%. 
Two different phenomena can occur as shown 





Figure 22. Slope Compensation 
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graphically in Figure 22. 


First, current-mode controllers detect and control 
the peak inductor current, where as the 
converters output corresponds to the average 
inductor current. Figure 22(a) clearly shows that 
the average inductor current (I; & l2) changes as 
the duty ratio (D; & D2) changes. Note that for a 
fixed control voltage, the peak current is the 
same for any duty ratio. The difference between 
the peak and average currents represents an 
error which causes the converter to deviate from 
true current-mode control. 


Second, Figure 22(b) depicts how a small pertur- 
bation of the inductor current ( |) can result in an 
unstable condition. For duty ratios less than 50 
%, the disturbance will quickly converge to a 
steady state condition. For duty ratios greater 
than 50 %, | progressively increases on each 
cycle, causing an unstable condition. 


Both of these problems are corrected simulta- 
neously by injecting a compensating ramp into 
either the control voltage (VE) as shown in Figure 
22(c) & (d), or to the current sense waveform at 
pin 3. Since Ve is not directly accessible, and, a 
positive ramp waveform is readily available from 
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AS3842 
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the oscillator at pin 4, it is more practical to add 
the slope compensation to the current waveform. 
This can be implemented quite simply with the 
addition of a single resistor, Rstope, between pin 
4 and pin 3 as shown in Figure 23(a). Rstope, in 
conjunction with the leading edge filter resistor, 
R; (Section 2.1), forms a divider network which 
determines the amount of slope added to the 
waveform. The amount of slope added to the 
current waveform is inversely proportional to the 
value of Rstope. It has been determined that the 
amount of slope (m) required is equal to or 
greater than 1/2 the downslope (mz) of the induc- 
tor current. Mathematically stated: 


— (7) 
Mm Oe 
2 

In some cases the required value of RsLope may 
be low enough to affect the oscillator circuit and 
thus cause the frequency to shift. An emitter 
follower circuit can be used as a buffer for Rs_ope 
as depicted in Figure 23(b). 


Slope compensation can also be used to improve 
noise immunity in current mode converters oper- 
ating at less than 50% duty ratio. Power supplies 
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Figure 23. Slope Compensation 
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operating under very light load can experience 
instabilities caused by the low amplitude of the 
current sense ramp waveform. In such a case, 
any noise on the waveform can be sufficient to 
trip the comparator resulting in random and pre- 
mature pulse termination. The addition of a small 
amount of artificial ramp (slope compensation) 
can eliminate such problems without drastically 
affecting the overall performance of the system. 


2.3 Circuit layout and other considerations 


The eletronic noise generated by any switch- 
mode power supply can cause severe stability 
problems if the circuit is not layed-out (wired) 
properly. Afew simple layout practices will help to 
minimize noise problems. 


When building prototype breadboards, never use 
plug-in protoboards or wire wrap construction. 
For best results, do all breadboarding on double 
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sided PCB using ground plane techniques. Keep 
all traces and lead lengths to a minimum. Avoid 
large loops and keep the area enclosed within 
any loops to a minimum. Use common point 
grounding techniques and separate the power 
ground traces from the signal ground traces. 
Locate the control IC and circuitry away from 
switching devices and magnetics. Also, the tim- 
Ing capacitor’s ground connection must be right 
at pin 5 as shown in Figure 15. These grounding 
and wiring techniques are very important be- 
cause the resistance and inductance of the traces 
are significant enough to generate noise glitches 
which can disrupt the normal operation of the IC. 


Also, to provide a low impedance path for high 
frequency noise, Vcc and Vrer should be 
decoupled to IC ground with 0.1 uF capacitors. 
Additional decoupling in other sensitive areas 
may also be necessary. It is very important to 
locate the decoupling capacitors as close as 
possible to the circuit being decoupled. 
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Features 





® Low Startup Current 





® Bulk and AC sensing 
® Soft Start 








® Single-start or auto-restart 
modes 





® Oscillator trimmed for precision 
duty cycle clamp 





@ Standard temperature range 
extended to 105°C 


® Remote on / off control 





® Buffered Ramp for slope 
compensation 


® Standard current mode control 


Pin Configuration — Top view 


Ordering Information 
Product Package 


AS2214 





14-Pin Plastic DIP 


AS2214 


Primary Side PWM Controller 


Description 


The AS2214 is a full featured, pulse width modulation con- 
troller. Based onan improved AS3842, the AS2214 provides 
additional features that reduce component count and im- 
prove specifications in a wide range of power supply de- 
signs. The added functionality includes AC power and bulk 
voltage sensing, over-voltage input, as well as the ability to 
latch off or bounce through different fault conditions. 


The PWM function is controlled by the current sense com- 
parator for normal current mode control and a second com- 
parator for voltage mode soft start. A buffered RAMP signal 
is available for slope compensation without loading the 
oscillator. The output stage is a high current totem pole 
output that sees only 140ns.delay from the PWM compara- 
tor. ee ak 

The AS2214 requires less than 10uA of startup current. The 
undervoltage lockout (UVLO) thresholds are nominally 15V 
for turn on and 8 V for turn off. A precision 2.5 V bandgap 


_ reference serves as an input for the error amplifier. The 


oscillator discharge current is trimmed to provide guaran- 
teed duty cycle clamping. 


Order Code 
2214-14*N-F-000 


Temperature Range 


0 to 105°C 
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Functional Block Diagram 


OC) Voc 
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(LEN) 5V Reg. OD Vega 
LEN () 


BOK ( ) 
2V5 


ov () 


ISNS ( ) 





2V5 





ATCT O Osc Sones t~ GND 
RAMP () <g 


ASTEC Semiconductor 
76 


JOJONPUODIIWSS OALSV 


LEN 





ae 
J 





= 








» 
} > PWHM_Disable 


D1IBo'T UPIS HOS PLIZZSW 


JA\JOUOD INMd aplg AleWwiud 


VléccSV 


AS2214 


Primary Side PWM Controller 


Pin Function Description 


Pin Number Function 


1 Voc 
2 VREG 
3 COMP 
4 VrFB 
5 ISNS 
6 Ss 

ney RAMP 
8 
9 
10 
11 
12 
13 \ 
14 OUT 
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Description 
Positive supply voltage for the IC. 
Output of 5V series regulator. 


This pin is the error amplifier output. Typically used to provide loop compensation to 
maintain Vep at 2.5 V. 


Inverting input of the error amplifier. The non-inverting input is a trimmed 2.5 V 
bandgap reference. 


A voltage proportional to inductor current is connected to this pin. The PWM uses this 
information to terminate the gate drive of the output. : | 













This pin provides a 6uA current source to linearly charge. 
is compared to the RAMP pin in the soft start comparat ) 
RAMP goes above the SS voltage. 


This pin is a level-shifted and buffered oscil tor 
tion to the current sense signal. The Pin als 
start comparator. 


fk ulled Io low and the hysteresis current is turned off. Auto-restart after a brown- out is 
possible. 





Circuit common ground. 


This totem pole output is designed to directly drive a power MOSFET switch capable of 
sourcing and sinking peak currents up to 1 A. 
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Absolute Maximum Ratings 


Parameter Symbol Rating Unit 
Regulator Current IREG 200 mA 
Output Current lout 1 A 
Supply Voltage Voc 7 30 V 
Output Voltage | Vout 30 V 
Continuous Power Dissipation at 25° C Pp 500 mW 
Junction Temperature Ty 150 °C 
Storage Temperature Range Tsta —65 to 150 °C 
Lead Temperature, Soldering 10 Seconds Th 300 °C 


~ Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. Thisis a stress 
rating only and functional operation of the device at these or any other conditions above indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


Recommended Conditions eS Thermal Resistance 
Parameter Symbol Rating Unit Package wR se: ae Qic Typical Derating 
Supply Voltage Voc 10-15 V “44L PDIP wow 40° C/W 11.7 mW/°C 


Oscillator Fosc 50 - 250 kHz : ofS 


Electrical Characteristics _ 


Electrical Characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated 
based on power dissipation and package thermal characteristics. Unless otherwise specified, the conditions of test are Vcc = 15 V; 
BOK = 3 V; OV = OV; Rt = 680. ; ,C te = 10 nF. a0 0 override UVLO, Vcc should be raised above 18 V prior to test. 


Input Voltage : : ae ewes Ty = 25°C V 
Input Bias Current | | : i el i : 

Power Supply Rejection Ratio ic ae Se 

Output Sink Current Veg = 2.7 V; Vcomp= 1.1 V eer. 

Output Swing High Veg =2.3V; RL= 15 Q to GND p56 | 55 | | V 
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Electrical Characteristics (cont'd) 


Electrical Characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated 
based on power dissipation and package thermal characteristics. Unless otherwise specified, the conditions of test are Vcc = 15 V; 
- BOK = 3 V; OV = OV; Rt = 680 ;C t=10nF. To override UVLO, Vcc should be raised above 18 V prior to test. 


Parameter 

5 V Regulator 
Output Voltage 

Line Regulation 

Load Regulation 
Temperature Stability 
Total Output Variation 
Long-Term Stability 
Output Noise Voltage 
Maximum Source Current 
Oscillator 

Initial Accuracy 
Voltage Stability 
Temperature Stability 
Amplitude 

Upper Trip Point 
Lower Trip Point 
Discharge Current 


Duty cycle Limit 


[om [wvem fe pw fo 
ae a 
Over 1,000 hrs at 25°C — ro 










12 Vcc BV |e) gg 2 

_ @] | sf] | » 
: ene ae [| aa | 7 
ae | 
ee 
a aa i ~ Rr=680 0, Cr=10nF, Ty =25°C % 


Twin Ty Tax. 


VATICT peak-to-peak 








Over-Temperature Shutdown | Tor 






Soft Start Compa tor 
SS Charge Current. 
SS Discharge Current’ 
SS Lower Clamp 
RAMP High Level 
RAMP Low Level 
RAMP Levels TC 


RAMP Sink Current 
RAMP Source Current 


Propagation Delay to Output 
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| Vem | T= ee |v 
Note: RAMP wavefrom is the same as mV/°C 
the RT/CT wavefrom, but level shifted 
down one diode drop 
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Electrical Characteristics (cont'd) 


Electrical Characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated 
based on power dissipation and package thermal characteristics. Unless otherwise specified, the conditions of test are Vcc = 15 V; 
BOK = 3 V; OV = OV; Rr = 680 ;C t=10nF. To override UVLO, Vcc should be raised above 18 V prior to test. 


Housekeeping 


BOK UV Threshold VBok UV Vaeg=5V 2.500 2.537 2.575 V 


BOK UV Hysteresis Current IHYST BOK Veok = 2.6 V A 





LEN Charge Current lace = 10 A; View=O0V Peete WA 
LEN Charge Current lace =-10 WA; Viney. ee aa) WA 
Functionality 

Current Sense Comparator — 


Under Voltage Lockout 
Startup Threshold Vcc (ON) 13.8 15.0 16.8 V 


Minimum Operating Voltage en Go AV 
after Trun-on 
Operating Supply Current men an KS x mA 


Output Impedance to GND in Zout Vcc =6V 22.0 kQ 
UVLO State 
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Electrical Characteristics (cont'd) 


Electrical Characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated 
based on power dissipation and package thermal characteristics. Unless otherwise specified, the conditions of test are Vcc = 15 V; 
BOK = 3 V; OV = OV; Rr = 680 ;C +r=10NF. To override UVLO, Vcc should be raised above 18 V prior to test. 











Output 
Maximum Duty Cycle | Dux fo = ae % 
Minimum Duty Cycle Daw | y rie : 


ASTEC reserves the right to make changes without further notice to any products described herein to improve reliability, function, or 
design. ASTEC does not assume any liability arising out of the application or use of any product or circuit described herein; neither does 
it convey any license under its patent rights or the rights of others. ASTEC products are not authorized for use as components in life 
support devices or systems intended for surgical implant into the body or intended to support or sustain life. Buyer agrees to notify 
ASTEC of any such intended end use whereupon ASTEC will determine availability and suitability of its products for the intended use. 
ASTEC and the ASTEC logo are trademarks of ASTEC (BSR) PLC. 
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ASTEC Semiconductor 
82 





Features 


® Standard PC Power Good: 
UV Detection on 4 rails 
UV Detection of AC/Bulk supply 
OV Detection on 4 rails 
Open collector PG out 


OV 
OV plus UV 
OV plus UV after startup delay 


@ OV Crow Bar Driver 
@ Digital ON/OFF input 
® 2.5V Voltage Reference 





®@ Operates from 5V or 12V rail 


@ Choice of: 
+ 12V, + 5V detection (AS2350) 


+ 12V,+5V,+3.3V detection 


(AS2333) 


Pin Configuration — top view 






AS2333 


AS23xx 


Secondary Side Housekeeping Circuit 


Description 


The AS23xx is a housekeeping circuit for monitoring the 
outputs of power supplies. It directly senses all the output 
rails without the need for external dividers and detects 
undervoltage and overvoltage. It also provides an additional 
undervoltage comparator which may be configured with any 
arbitrary hysteresis to sense a divided down representation 
of the AC bulk voltage. The housekeeping section provides 
all the features necessary to allow external caps to set the 
common timing features of PC type power supplies. In 
addition, negative rails may be sensed without the necessity - 
of a Vee connection, and negative sensing may be disabled 
without affecting operation of the positive sense section. The 
2.5 series reference is available andcan source upto5 mA. 
This IC is available in 16. lead packages. 


Ordering Information 


Product — ~ Package 
AS23383 —_16-Pin Plastic DIP 
AS2350 —_16-Pin Plastic DIP 


Temperature Range Order Code 
0 to 105° C 
0 to 105° C 


2333-16*N-C-000 
2350-16*N-C-000 


ROLLA 


GND i[6] 


HYST 





OFF 7 8° 
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AS23xx Secondary Side Housekeeping Circuit 


Functional Block Diagram 
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Secondary Side Housekeeping Circuit AS23xx 


Pin Function Description 



























PinNumber Function Description 

1 Voc Power input to the chip. 

2 +12 V Input for overvoltage and undervoltage for the +12 V rail. 

3 +5 V Input for overvoltage and undervoltage for the +5 V rail. 

4 +3.3/-5 V Input for overvoltage and undervoltage for the +3.3V rail or -5 V rail, depending on 
product option. 

5 -12 V Input for overvoltage and undervoltage for the -12 V rail. This function may 
disabled by tying this pin to a positive voltage above 2.4 V. 

6 GND Signal ground and silicon substrate. ee 

7 HYST Open collector output of the AC undervoltage comparator A resistor between this pin 

and AC will provide hysteresis to the AC undervoltage. sensing. 

8 OFF Pulling this pin low will reset the FAULT latch and discharge the start-up timing 
capacitors, UVB and PG CAP, allowing normal start-up for the system. Pulling this pin 
high will send the FAULT ae high, prompting a system shutdown. 

9 AC Non-inverting input to the AC | dervoltage sensing comparator. If the AC pin is 
less than 2.5 V, POK goes oe UVB oe ‘discharges. 

10 PG CAP 

11 POK 

12 ies a will delay the FAULT signal when the OFF pin is used to shut down 
the system. The POK will signal a power fail warning immediately, but the FAULT 
Shutdown of the power supply will be delayed. 

13 A cap to ground provides start-up blanking of the undervoltage sensing portion of the 
FAULT signal. This pin may also be grounded to prevent undervoltage conditions from 
triggering the FAULT signal. This pin discharges the cap whenever AC goes low or 
FAULT pin goes high. 

14 VREF 2.5 V Voltage reference. This is a series regulator type reference. 

15 FAULT Open collector output of the overvoltage and undervoltage comparators. 

16 CBD Optional crow bar drive output of the overvoltage faults only. 
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Absolute Maximum Ratings 


Parameter | | | | Symbol Rating Unit © 
Supply Voltage | Voc 20 V 
Continuous Power Dissipation at 25° C Pp 1000 mW 
Junction Temperature Ty 150 °C 
Storage Temperature Range TstT¢ —65 to 150 °C 
Lead Temperature, Soldering 10 Seconds TL 300 °C 


Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect.reliability. 







Recommended Conditions Typical Thermal Resi tance 











Parameter Symbol Rating Unit Package A . : ypical Derating 
Supply Voltage Voc 5-12 V 16L PDIP ——-——— , 


Electrical Characteristics 


Electrical Characteristics are guaranteed over full junction 
based on gig! se gan and eee thermal chara 


fo. 105° C). Ambient temperature must be derated 
3 specified, the conditions of test are Vcc = 12 V; 





or 


+3.3 V Overvoltage 
+3.3 V Input Current 
+5 V 

+5 V Undervoltage 


+5 V Input Current = Vis =+5.0V, V3.3 =+3.3V mo 


mA 


+12 V Undervoltage 


+12 V 
Tees 
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+12 V Overvoltage 
mA 


+12 V Input Current | 
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Secondary Side Housekeeping Circuit AS23xx 


Electrical Characteristics (cont'd) 


Electrical Characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated 
based on power dissipation and package thermal characteristics. Unless otherwise specified, the conditions of test are Vcc = 12 V; 
43.3V=3.3V; +5 V =5V; 412 V=12V;-12 V=-12 V;-5V=-5V. 
































-5V 
-12V . 
-12 V Disable Voltage Minimum voltage to disable o its ee th eo 1), eer | V 
AC/HYST oe ae Ag 
AC Undervoltage V 
AC Undervoltage Ty=0- 105°C. Exe | ) 2375 | | 2.505 V 
AC Input Current } | : a i By Pf mo ft | LA 
HYST High State Leakage Vuyst = 5V; AC 2.5V P| oot ft WA 
HYST Output Current lo | Vast =0.3 V: AC <2.5V [ai et mA 
HYST Low Voltage ee VoL | | lHyst = 1 mA: AC <2.5V a ae SF V 
Outputs r oe oe 
s soe condition 
FAULT Output Current - Veau_t = 0.4 V; no faults ale] 
Voc = 12 V 3 10 mA 
Veco =5V 1.3 4 mA 
CBD (Crow Bar Drive) —25 —35 i mA 
Minimum Output Current 
CBD Output High Voltage | Icap =O MA; T= 25°C 2.1 2:7 V 
Icsp = 0 mA; T = 105 ° C; overvoltage 1.4 3 V 
condition 
| 1000 _| 


CBD Pulldown Resistance Icap = 1 mA; no faults 300 500 1000 Q 
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AS23xx Secondary Side Housekeeping Circuit 


Electrical Characteristics (cont'd) 


Electrical Characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated 
based on power dissipation and package thermal characteristics. Unless otherwise specified, the conditions of test are Vcc = 12 V; 
$3.3V=3.3 V; +5 V =5V; 412 V=12V;-12 V=-12 V;-5 V=-5 V. 


Voltage Reference 
Temperature Deviation* or ae el af Les mV 


Start-Up Functions 





UVB Pull-up Current Source Vuve = 2.0 V; no faults UA 
UVB Clamp luve = 10 yA; no faults V 
Vuve = 2.0 V; FAULT = low; mA 





UVB Discharge Current luve 
(AC shutdown) 


AC <2.5V 





















UVB Discharge Current lot = 2.0 V; FAULT = hi mA 
(FAULT shutdown) AC>2.5V : 
UVB Low Output Voltage Ney V 


PG CAP Pull-up Current Source 
PG CAP Clamp 
PG CAP Discharge Current 


Ean 
[ae | 


PG CAP Low Output Voltage 
OFF Input High Voltage 
OFF Input Low Volt 
OFF Input High C 





DELAY Pull-up Current S ur [erence -0.5 
DELAY Discharge Current 7 mA 
DELAY Low Output Voltage V 


“Temperature deviation is defined as the maximum deviation of the reference over the given temperature range and does not imply an | 
incremental deviation at any given temperature. 


Typical Performance Curves 


Not Available at Time of Publishing 
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Secondary Side Housekeeping Circuit 


Theory of Operation 


The AS23xx performs housekeeping functions 
for power supplies, especially switching power 
supplies for personal computers. The chip re- 
sides on the secondary side of the power supply 
(PSU), and it performs three primary functions: 


1) monitors the output voltages and reports 
faults 


2) sequences the start-up of the PSU 
3) sequences the shutdown of the PSU 


Section 1 - Output Voltages and Faults 
1.0 Output Voltage Monitoring 


The AS23xx monitors the standard voltage out- 
puts for PC type power supplies. It has inputs for 
+12V,+5V,+3.3V,-5Vand-12V. These inputs 


are tied directly to the outputs of the PSU, and 
therefore do not require external dividers to set _ 


the error thresholds. These pins are monitored 
for both overvoltage (OV) and undervoltage (UV) 
conditions. The spec’s lor these thresholds are 
listed in the data sheet. 


1.1 Overvoltage Faults: FAULT and CBD 


An overvoltage condition in a power supply is 
considered to be a catastrophic and dangerous 
condition which. must result in a safe, complete 
and near-instantaneous shutdown of the sys- 
tem. Overvoltages most often result from a 
break in the system feedback and control cir- 
cuitry orfrom a short between outputs. When the 
AS23xx detects an overvoltage, the fault is 
latched internally, and the FAULT and CBD pins 
go high. The FAULT pin is an open collector 
NPN output which is intended to drive an 
optocoupler LED for feedback to the primary 
side controller of the PSU. The CBD pin is an 
NPN Darlington output which is intended to drive 
an SCR crowbar circuit which will short circuit the 
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outputs of the PSU. Usually, just one or the other 
output is used depending on the PSU’s cost and 
system definition. Both methods are intended to 
protect the customer’s system, and the cus- 
tomer, as the first priority. 


1.2 Undervoltage Faults: POK and FAULT 


An undervoltage condition is sometimes not con- 
sidered a catastrophic or dangerous condition, 
but always one which the customer should be 
warned about. The POK signal is a logic line to 
the customer's system that is specified in most 
PC type power supply systems. The AS23xx will 
pull the POK signal low when a UV fault is 
detected. A UV fault may or may not require the 
system to shut down, so an undervoltage blank- 
ing pinis provided (UVB). Grounding this pin will 
prevent UV faults from propogating to the FAULT 


pin. CBD does not react to UV faults. 
1.3 Input Undervoltage: AC and HYST 


In addition, there is a special undervoltage detec- 
tion input for sensing the input voltage to the 
power supply, designated as the AC pin. This pin 
will cause the POK pin to go low if there is 
insufficient voltage to run the PSU outputs. Since 
power supplies must maintain high voltage isola- 
tion between the primary and secondary sides of 
the system, the AC pin is usually tied to a divided 
down and filtered representation of the second- 
ary side switching waveform. Hysteresis for this 
function, to provide immunity from line ripple, is 
configured by the PSU designer and is imple- 
mented with the HYST pin, which is an open 
collector output of the AC comparator. 


Section 2 - PSU Start-up Sequences 
2.0 System Start-up Sequence 


When the power supply starts up, the AS23xx 
must not erroneously report a FAULT. In addi- 
tion, most PC type power supply specifications 


AS23xx 


require a specific timing sequence for the POK 
signal. Some PSU systems also require an 
isolated, low voltage, low power remote turn-on 
switch, rather than a large line cord switch. 


2.1 VREF Enable of Chip Bias 


Since the VCC of the AS23xx comes up in a finite 
amount of time, and since the VREF of the chip 
and the bias for the comparators are not within 
specification until approximately 4.2 V of VCC is 
available, the comparators for OV and UV and 
most other functions are disabled until VREF is 
within spec. This prevents the false detection of 
a FAULT due to an erroneous VREF. Similarly, 
if VREF is too heavily loaded and gets pulled low 
out of spec, these functions will also shut off. 


2.2 Blanking UV’s During Start-up: UVB 


As the power supply outputs come up, the 
undervoltage FAULTs must be blanked to allow 
the supply to complete its start-up. Putting 
capacitor to ground on the UVB pin will all 
PSU designer to set a specific period 


the FAULT pin. The UVB pin ¢ 5 l 
current source to marae 





allowing fast d 
system resets. 


2.3 POK Bias 


The POK pin has some specific requirements 
based on industry standard PC power supply 
specifications. At start-up, the POK pin must not 
rise above 0.4 V. The POK pin is an NPN open 
collector whose base is tied to VCC via a simple 
resistor. Therefore, once VCC pulls above one 
diode or about 0.6 V, the POK pin will go low and 
saturate. If the POK pin external pull-up is to the 
5 V output, the POK signal will not go above 0.4 





! ge of the capacitor when the 
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V if the VCC of the AS23xx is tied to the 12 V 
output or an auxilliary rail. 


2.4 POK Start-up Timing: PGCAP 


In addition to 2.3 above, most PC power supplies 
require the POK pin to remain low until all outputs 
have been good for at least 100 ms but not more 
than 500 ms. Acap to ground on the PGCAP pin 
allows to the PSU designer to set the timing delay 
between the PSU outputs becoming good and 
the POK pin going high. The PGGAP pin pro- 

















i Y ented with the AS23xx OFF pin. If the 
a VCC is run off an auxilliary rail, the FAULT 
signal may be used to start and stop the PSU. 
When the OFF pin is pulled from high to low or 
grounded, the FAULT pin resets to a low state, 
which may be used to drive an optocoupler to 
enable the primary side PWM controller. Allow- 
ing the OFF pin to go open circuit or high causes 
the POK pin to go low immediately, and the 
FAULT pin will go high after a time delay set by 
a cap to ground on the DELAY pin. This allows 
the customer's system to receive a POK warning 
before the PSU actually shuts down. 


Section 3 - PSU Shutdown Sequences 
3.0 Shutdown Sequence 


For normal shutdowns, the primary requirement 
is that the POK signal should go low some 
minimum time before the PSU outputs fall out of 
Spec. 
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3.1 Delaying Remote OFF: DELAY 


In systems which use the OFF and FAULT pins 
to provide remote on/off switching, the delay 
between the OFF pin going high and the FAULT 
signal going high is programmable with a capaci- 
tor to ground on the DELAY pin as described in 
2.5 above. The POK pin, on the other hand will 
go high immediately after the OFF pin is open 
circuited or pulled high, giving the system warn- 
ing of the impending shutdown. The DELAY pin 
provides a 1 uAcurrent source to charge the cap, 
and when the cap charges above 2.5 V, the 
FAULT pin will go high. 


AS23xx 


3.2 AC Warning Prior to Primary Drop-out 


In systems where the input line voltage is 
switched, the AC pin threshold should be set so 
that it causes POK to go low before the primary 
bulk voltage reaches drop-out and the primary 
PWM shuts off. The output of the AC comparator 
also causes the UVB pin to pull low, so that the 
undervoltage sensing does not trip the FAULT 
latch as the outputs fall below spec. Recall that 
the AC pin senses a divided down and filtered 
representation of the secondary side switching 
waveform, which will provide a proportional rep- 

resentation of the primary voltage \ via the turns 
ratio of the transformer. : 


ASTEC reserves the right to make changes without further notice to any products described herein to improve reliability, function, or 
design. ASTEC does not assume any liability arising out of the application or use of any product or circuit described herein; neither does 
it convey any license under its patent rights or the rights of others. ASTEC products are not authorized for use as components in life 
support devices or systems intended for surgical implant into the body or intended to support or sustain life. Buyer agrees to notify 
ASTEC of any such intended end use whereupon ASTEC will determine availability and suitability of its products for the intended use. 
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AS300 


Shunt Temperature Sensor 





Features 


® Calibrated directly in Kelvin 


@ Linear 10 mV/°C scale factor 





® 1°C typical accuracy at 
27° C (300 K) 


® Fully rated for - 40 to 125° C 
(233 to 398 K) 


® Suitable for remote applications 


® Low-impedance output, 0.3 
for a 1mA load 


® Now available in the SOT-223 for 
improved substrate temperature 


sensing 


Pin Configuration — Top view 


TO-92 (LP) 
TO-237 (HP) 


Vremp 
GND (F) 


GND (S) 





Ordering Information 


Description 


TO-92 
TO-237 
SOT-223 





Description 


The AS300 is a two-terminal integrated circuit temperature 
sensor. It is a precision-trimmed shunt type regulator that 
emulates a zener diode in function. Its output voltage is 
linearly proportional to temperature in Kelvin. The output 
voltage is calibrated for 3.000 V at 27° C (300 K) and 
increases by 10 mV/°C. 


The AS300 is available in four packages. Both the TO-237 
and SOT-223 offer large heat-sinks for transferring heat to 
the die for fast and accurate thermal sensing. The TO-237 
makes an ideal free air sensor. This package has the same 
package dimensions as the familiar TO-92, but integrates a 
10 square millimeter heat-sink extending from the top of the 
package. The SOT-223 is especially effective at sensing the 
temperature of hybrid and MCM substrates. The 8L SOIC is 
best-suited for applications requiring a small footprint or 
precision force/sense metering. 


SOT-223 (G) SOIC (D) 





6 | Vremp (F) 
Vreme (S) 


Temperature Range Order Codes 
-40 to 125° C AS300LP 
-40 to 125° C AS300HP 
-40 to 125°C AS300G 


-40 to 125° C AS300D 
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AS300 Shunt Temperature Sensor 


- Functional Block Diagram 





Pin Function Description 


Pin Number Description 
TO, SOT | SOIC 


1 GND (S) Optional sense pin ground, otherwise tie to substrate pin GND (F). 


2 GND (F) Signal ground and circuit substrate. 


3 Vremp (F) | Output voltage proportional to temperature. V>-,)p is nominally 3.00V at 27° C 
(300 K) and increases at 10 mV/°C. 


- 5 Vremp(S) | Optional sense pin for Vre\p. Available on the 8L SOIC package only. Tie pin to 
Vtemp (F) if not using force/sense metering. 


Absolute Maximum Ratings 
Parameter Symbol Rating Units 
Supply Current IREF 20 mA 
Continuous Power Dissipation at 25° C Pp 
TO-92 775 mW 
TO-237 1000 mW 
SOT-223 1250 mW 
8L SOIC 750 mW 
Junction Temperature Ty 150 °C 
Storage Temperature Tsta —65 to 150 °C 
Lead Temp, Soldering 10 Seconds TL 300 | °C 


Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 
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Shunt Temperature Sensor AS300 


Typical Thermal Resistances 
Package QUA | Buc Typical Derating 
TO-92 160° C/W 80° C/W 6.3 mW/°C 
TO-237 125° C/W 8° C/W 8.0 mW/°C 
SOT-223 115° C/W 8° C/W 8.7 mW/°C 
8L SOIC 175° C/W 45° C/W 5.7 mW/°C 
Electrical Characteristics 


Electrical Characteristics are guaranteed over the full junction temperature range (-40 to 125° C). Ambient temperature must be derated based upon 
power dissipation and package thermal characteristics. 


Parameter Symbol Test Condition Max Unit 


Output Voltage VTEMP Ik =2 mA, Ty =27° C (300 K) 3.030 
Ik = 2 mA, Ty = 100° C (373 kK) 3.770 
Temperature Coefficient Error ae 


wV/°C 


Test Circuit 


VTEMP 


\i« 


Figure 1 
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AS300 


Typical Performance Curves 


Output Voltage 















a ae 
me ie a a 
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Se ee 
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re ama aa (|S | a 
La | a a | a ae 
Fer eee a ea (ee 
50 -25 0 25 50 #75 ~~ 100 
250 300 350 


T - Temperature 


Figure 2 


Thermal Response by Package 
in Still Air 


Percent of Thermal Equilibrium (%) 


- Figure 4 





125 (°C) 
400 (K) 





V_ - Forward Voltage (V) 


Percent of Thermal Equilibrium (%) 


— 120 


Shunt Temperature Sensor 


Forward Characteristics 





0. 01 0.1 1.0 10 100 
I.- Forward Current (uA) 


Figure 3 


Thermal Response by Package 
in a Stirred Oil Bath 
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OT-223 












Figure 5 


ASTEC Semiconductor 


96 


AS300 


Shunt Temperature Sensor 


Typical Performance Curves 


Operating Characterisitics 


Operating Characterisitics 
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Figure 7 


Figure 6 


OUTPUT 


Transient Response 








10 100 1k 


f - Frequency (kHz) 


Rcd Impedance 
0.1 


0.01 
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1.0 
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t - Time (us) 


Figure 9 


Figure 8 
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Typical Applications 


Linear Fan Controller 


15V 


12 VDC, 120 mA 
Brushless Fan 


AS300 


AS300 





Figure 10 


Linear Fan Controller 


12V 
{\ 


12 VDC, 120 mA 
Brushless Fan 


10k 


ESS 


AS300 34k 


Figure 12 
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Shunt Temperature Sensor 


Fahrenheit Thermometer 


9V 
N 
5k 
100 LA Full Scale 
Analog Meter 
130k F 
R2 
> RI 

AS1004-1.2 


Adjust R1 to set 0° F reading (120k) 
Adjust R2 to set 100° F reading (2.7k) 


Figure 11 


Thermostat 


AS300 





Figure 13 





Features 


@ Programmable to three different 
Over-temperature thresholds 


® 2.5 V temperature compensated 
bandgap reference trimmed to 1% 


® Open collector output goes low 
on over-temp condition 


@ +3° C temperature accuracy 





@ Reference shunt current serves 
to program over-temp threshold 


@ Available with 5° C or 10° C of 
temperature hysteresis 


® Available in a wide range of 
over-temp thresholds to fit most 
temperature monitoring applications 


® Now available in the SOT-223 for 
improved substrate temperature 
sensing. 


Pin Configuration — Top view 


SOIC (D) 







ouT 7] pos MERE 


N/C i DO NOT USE 


N/C ; | 6 | DO NOT USE 


NIC § GROUND 


AS273 


Description 


The AS273 is a series of programmable over-temperature 
detectors. Each is internally composed of a precision 2.5 V 
shunt reference, a proportional-to-absolute temperature 
thermal sensor, acomparator with controlled hysteresis, and 
an open collector output that indicates an over-temp condi- 
tion. The threshold for the over-temp signal can be set to any 
of three values on a given part by controlling the magnitude 
of the reference shunt current. 


The AS273 has an excellent absolute temperature accuracy 
of +3° C for each of the three over-temp thresholds. The low 
power dissipation minimizes any temperature sensing errors 
due to self-heating. There is either 5° C or 10° C of tempera- 
ture hysteresis to prevent bouncing when an over-temp 
condition is removed. 


The packaging options available with the AS273 make it 
appealing to a wide variety of temperature-sensing applica- 
tions. The TO-237 package with a built-in heat sink allows for 
highly accurate ambient temperature sensing. The TO-92 
package can be mechanically clamped to a heat sink to 
monitor the temperature of power devices. The 8L-SOIC and 
SOT-223 surface mount packages allow for temperature 
sensing in high component density applications. 


TO-92 (LP), TO-237 (HP) 


SOT-223(G) 


OUT 
GROUND 


VREF 
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AS273 Over- Temperature Detector 


Ordering Information 


AS273-TH-P 
Temperature Option Package Type see B 
see A Hysteresis Option see C 
A. Temperature Options B. Package Types C. Hysteresis Options | 
Code Tot Tot2 Tor3 Code Package Code Temp. Hysteresis 
D 40 45 50 HP TO-237 1 10°C 
F 715 80 85 LP TO-92 5 om 8, 
G 90 95 100 D SO-8 
H 105 110 115 G SOT-223 
Functional Block Diagram 
VREF 
q 
1 
CURRENT 
PROGRAMMING 


OUT 


2.5V 





GND 
Pin Function Description 
Pin Number Function Description 
1 VREF 2.5 V shunt reference; current into Vrer pin also programs 
over-temperature trip point to one of three Tor values 
2° GND Circuit ground and silicon substrate 
3 OUT Open collector output. Output low when die temperature exceeds 


programmed trip point 
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Over- Temperature Detector 


Absolute Maximum Ratings 


Parameter Symbol 
Reference Current VREF 
Output Current louT 
Output Voltage Vout 
Continuous Power Dissipation at 25° C 
TO-92 ED 
TO-237 Pp 
8-SOIC Pp 
SOT-223 Pp 
Junction Temperature Ty 
Storage Temperature Tsta@ 
Lead Temp, Soldering 10 Seconds TL 


Rating 
+10 
+10 

18 


775 
1000 
750 
1000 


150 


—65 to 150 


300 


AS273 


Units 
mA 
mA 


mW 
mW 
mW 
mW 


°C 
°C 
°C 


Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. Thisis a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


Typical Thermal Resistances 


~ Package Qua 
SOT-223 115° C/W 
TO-92 160° C/W 
TO-237 125° C/W 
8L SOIC 175° C/W 
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Ouc 
8° C/W 
80° C/W 
8° C/W 
45° C/W 


Typical Derating 
8.7 mW/°C 
6.3 mW/°C 
8.0 mW/°C 
5.7 mW/°C 


AS273 Over- Temperature Detector 


Electrical Characteristics - 


Electrical Characteristics are guaranteed over the full junction temperature range (0 to 125° C). Ambient temperature must be derated 
based upon power dissipation and package thermal characteristics. 


Parameter | Symbol Test Condition Min | 
Reference Voltage VREF lneF= 2 MA, Ty = 25°C 2.500 | 2.525 


Typ Unit 


2.550 V 
0 


3 
<= 


Load Regulation 0.65 mA < IRer < 5.5 MA 
AVrec/AT 0.65 mA < Irer $< 5.5 mA 


Average Temperature Coefficient ppm/°C 


Output 


lout = 4 mA; Ty > Tor 


400 


Saturation Voltage 
V 
1000 nA 


a 

Vo. . | 200 

Breakdown Voltage BV lout =100 WA; Ty < Tor 30 
Leakage Current lou Vout = 18 V; Ty < Tot fal 1 


Over-Temp Sensing Pe 
Temperature Accuracy Tor (1) 
Tota) 


Hysteresis Hot Percentage Error in Nominal Hysteresis 


O 


3 
3 


O 


3 
< 


1 
0 
+ 
+ 
+ 


e 
\ 
oO 
.@) 


+30 


= 


Test Circuit 


IREF 





Figure 1. Test Circuit for Output Hysteresis Curve 
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Over- Temperature Detector AS273 


Typical Performance Curves 


Minimum Reference Current Turn-on Characteristic 
for Regulation of Reference 


Turn-on Current, Iper (WA) 
Reference Voltage, Vier (V) 








0 25 50 75 100 125 150 0 200 400 600 800 1000 
Junction Temperature, T, (°C) Reference Current, lace (WA) 
Figure 2 Figure 3 
Temperature Regulation Load Regulation of Reference 
of Reference Over-temperature 
s i 
S 2.53 ra 
£ & 
CD p=) 
8 3 ae a 
8 2.52 or a 
c : xo) 
® © 
: E a 
® 
F Ells os 
0 25 50 75 100 125 150 0 25 50 75 100 125 150 
Junction Temperature, T, (°C) Junction Temperature, Ty (°C) 
Figure 4 Figure 5 
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AS273 Over- Temperature Detector 


Typical Performance Curves 


Typical Over-temperature Threshold 
Output Saturation Characteristic Distribution — Option G 






50 














OT 
ah tall 
BY Ae | 
AML ML: 


Saturation Current, lout (mA) aa apace ariaehaid (°C) 


aN 
© 


ie) 
© 


20 


Output Voltage, Voy; (mV) 
Distribution of Population (%) 








Figure 6 Figure 7 


Thermal Response by Package 
in a Stirred Oil Bath 
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Over- Temperature Detector 


Theory of Operation 


The AS273 is an over-temperature detector that 
gives an over-temp signal when the device junc- 
tion temperature exceeds a programmed over- 
temp threshold. Over-temp threshold program- 
ming is accomplished by controlling the magni- 
tude of the reference shunt current. 


Over-temperature Condition 


Internal to the AS273 is a temperature sensor 
which creates a voltage proportional to the abso- 
lute temperature(PTAT) of the die. This PTAT 
voltage is compared with a fraction of the refer- 


lper = 4 mA 


leer = 2 mA 


Output Voltage, V 


IRE = 1 mA 


OT1-10 OT1-5 


AS273 


ence voltage corresponding to the over-tem- 
perature threshold. When the PTAT voltage ex- 
ceeds the reference voltage, the comparator is 
tripped and an over-temp signal is given to the 
output. The output consists of an open collector 
transistor that pulls low on an over-temp condi- 
tion. Built into the comparator is temperature 
hysteresis, which keeps the over-temp signal 
until the junction temperature has fallen 5° C (or 
10° C) below the over-temp threshold. Figure 9 
shows the output of the AS273 (with 10° C of 
hysteresis) over a range of junction temperature. 





OT1 OT2 OT3 


Junction Temperature, T,(°C) 


Figure 9. Temperature Characteristic of Output with 10° C of Hysteresis 
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Current Programming 


There are three different over-temp thresholds 
foreach AS273. The detector senses the amount 
of current being shunted through the 2.5 V 
reference of pin 1 and programs an over-temp 


OT3 


OT2 


Over-temperature Thresholds (°C) 


OT1 


oS Output Disabled 


Over- Temperature Detector 


threshold based on the magnitude of that cur- 
rent. Figure 10 illustrates the ranges of reference 
shunt current, IRer, associated with each of the 
three over-temp thresholds, OT1, OT2 and OTS. 





3 4 5 


Reference Shunt Current, Ipe (mA) 


Figure 10. Reference Shunt Current Programming Ranges of Over-temperature Thresholds 
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Over- Temperature Detector 


Typical Over-Temperature 
Detector Applications 


Over-Temperature Detector 


The AS273 senses the ambient temperature and 
turns on its open collector output to indicate an 
over-temp condition. Each AS273 can be pro- 
grammed to any one of its three over-temp thresh- 
olds by forcing a different range of current into 
the reference pin. 


Dual Speed Fan Control 


The diagram of Figure 12 shows an easy way to 
implement smart fan control. When the tempera- 
ture is below the over-temp trip point set by R1, 
the detector’s open collector output is off. There- 
fore, the fan speed is controlled by the ratio 
between R2 and R3. When the temperature 
exceeds the over temp set point, the open collec- 
tor is turned on, and fan motor runs at its full 
speed. 
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Figure 12. 


AS273 





AS273 


Over-Temperature Protection with Latch 
(Low Current) : 


The diagram of Figure 13 illustrates how a power 
supply can be shut down with a simple two- 
transistor latch. When the programmed over- 
temp is reached, the open collector output of the 
AS273 enables the latch and pulls Vcc below the 
under-voltage threshold of the AS3842 ,shutting 
off the AS3842. The latch can be disabled only 
with a power reset. 


Over-Temperature Protection with Hysteresis 


In this over-temperature circuit, the hysteresis of 
the AS273 is used to automatically restart the 
power supply after the temperature drops below 
the hysteresis temperature window. R1 supplies 
the current to power the AS273 after the AS3842 
and the power supply are shut down. R2 and the 
external zener set the over temperature trip 
point. 
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Over- Temperature Detector 
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Figure 14. 


Over- Temperature Detector 


Adjustable Hysteresis Temperature Detector 


The hysteresis of the AS273 can be increased by 
reprogramming the device to a lower tempera- 
ture set point upon over-temp. A higher tempera- 
ture is set by R1. When the temperature exceeds 
the high-temp set point, the open collector output 
is turned on and allows R2 to rob current from the 
reference pin and resets the AS273 to the low- 
temp set point. As a result, the hysteresis esca- 
lates by the difference between the high-temp 
and the low-temp set points. 


Three-State Temperature Sensor 


In the Three-State Temperature Sensor shown 
in Figure 16, alow-temp trip point is selected by 
R1 and a high-temp trip point is selected by the 
two-transistor latch. When the temperature is 
below the low-temp set point, Vout is in the high 
state (Vout = 5.0 V). When the temperature 
exceeds the low-temp set point, the two-transis- 
tor latch is set and Vout is pulled low (Vout = 2.5 
V). The latch also supplies extra current to the 
reference pin to reset the IC to sense a higher 
temperature. Once the high-temp Is reached, the 
output will turn “on” (Vout =0.2 V). This circuit is 
highly useful in applications where a stand-by, a 
warning and a shut-down state are required. 
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Stand-by State: Tretiet2 


Warning State: T1<T<T2 
Shut-down State: 11, T2<T 


Vo =5.0V 
Vo =2.5V 
Vo =0.2V 





Figure 16. 
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AS273 Over- Temperature Detector 


Notes 
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Features 

Size (single tile) 

@ 87x75 mils 
Expandability of array 
(to 2 or 4 tiles) 





Component Availability 




















(single tile) 
e Small NPN 48 
@ Dual collector PNP 21 
@ Vertical PNP 
e Power NPN 3 
® Diffused Resistors 

(total) 300 k 
e Pinch Resistors 

(3-terminal, 30k ) 8 
e Cross-unders 13 
® Buses 6 
Basic Electrical Specs 
® Transistor Matching 

(NPN & PNP) <2% 





@ Primary voltage limitations: 











LVcEO 18V 

BVczo 30 V 
® Diffusion to substrate 

(Ground) 30 V 
@ NPN Parameters 

Beta 80-500 

fr (1mA) 300 MHz 

BVEgo iV 
e PNP Parameters: 

Beta 20-300 

fr (1mA) 300 MHz 

BVeBo 30 V 


AS17xx 


~ Semicustom Bipolar Array 


Description 


The AS17xx is Astec’s proprietary semicustom bipolar array. 
This semicustom IC is a collection of individual transistors 
and resistors in a fixed configuration. The custom circuit is 
manufactured by creating a single metal mask to connect the 
components. This allows the designer to deal with only one 
mask for the IC layout instead of the actual 10 mask process. 
The semicustom array is useful for a wide range of functions, 
both analog and digital. In its simplest configuration, the 
AS17xx has 76 active devices available, but can be ex- 
panded to give up to four times this number in its largest 
configuration. This expandability of the array is a unique 
feature, allowing a whole range of semicustom circuits to be 
manufactured. 


Because Astec has ongoing manufacturing of high volume 
circuits on this array, incremental wafer costs for engineering 
purposes are low. Therefore quality and reliability can be 
maintained even with small volume or engineering lots. 
Since the silicon can be completely processed and held 
awaiting only the metal etch and passivation steps, ex- 
tremely fast turn-around times can be achieved. 


The AS17xx bipolar array uses a standard “20 Volt” bipolar 
technology. Although quite similar to industry standard ar- 
rays, It has a number of important improvements. First, the 
ratio of PNPs to NPNs has been increased to allow for more 
modern design practice. Second, the process has been 
modified to allow for a deep collector diffusion (sinker) which 
not only improves the Vcesaty of the transistors, but also 
allows for the elimination of regions. with thin oxide which 
historically plague semicustom die with electrostatic dis- 
charge reliability concerns. Third, a set of low resistance 
sinker resistors allows for bussing supply or signal lines 
without using active components for cross-unders. In addi- 
tion, the specific component geometries have been further 
optimized to facilitate the layout compared to the industry 
standard arrays. Resistors are now in a binary weighted 
500 / 1k / 2k / 4k sequence for more simple value calcula- 
tions. The power devices use multiple standard size emitters 
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AS17xx 


so that they may also be used to create a device 
with an integral emitter area ratio with respect to 
a standard small NPN. 


The AS17xx bipolar array can be packaged in 


industry standard DIP or surface mount pack- — 


ages with 8 to 40 leads. The number of pads 


Pin Configuration — Top view 


PDIP (N) 
AS1700-NPN Kit Part 


PDIP (N) 
AS1700-PNP Kit Part 


Semicustom Bipolar Array 


available on the AS17xx varies with the number 
of tiles used as follows: single tile per die = 18 
pads, two tiles per die = 30 pads, and four tiles 
per die = 40 pads. The extra pads not used for 
bonding to leads can be used for wafer level 
testing, trimming, and debugging. 


PDIP (N) 
AS1700-PWR Kit Part 





Figure 1. Single Tile Bipolar Array 
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Semicustom Bipolar Array AS17xx 


Absolute Maximum Ratings 


Parameter Symbol Rating Unit 
Continuous Power Dissipated at 25° C Pp 
| Single Transistor 300 mW 
Total Package 1400 mW 
Junction Temperature Ty 150 °C 
Storage Temperature Tste —65 to 150 °C 
Lead Temperature, Soldering 10 Seconds TL 300 °C 


Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is astress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


Electrical Characteristics 


All parameters measured at 25° C. 


AS1700-NPN: Minimum NPN 


Collector-to-Base Breakdown Voltage Ic = 100 pA ) 50 | eo | V 
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Static Forward Current-Transfer Ratio 
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AS1700-PWR: Large NPN (20-emitter) 
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AS17xx Semicustom Bipolar Array 


Electrical Characteristics (cont'd) 


All parameters measured at 25° C. 


AS1700-PNP: Lateral PNP | 

Collector-to-Emitter Breakdown Voltage /\Vcco | e= 10nd (ss is] | | 

Fed -tfec Treshold Votage ‘ir | eet 
P + to Substrate Leakage IsuB le=100 pA, VgB=1V Lae 150 500 nA 
Collector Cutoff Current IcEO Voce = 18 V Eanes 100 nA 
Collector-to-Emitter Saturation Voltage VcE SAT 
Base-to-Emitter Voltage 


po tt 

| 630 | 600 | 700 

2 |e | 0 | 

a E ae 
Double Collector Matching (meas. A le) ae Eee eS % 
AS1700-PWR: Vertical PNP 
jo }|o | 
po | 2 | i 
po | 80 | 200 
_e80 | 680 | 700 | 
| 2 | 


Static Forward Current-Transfer Ratio 


Early Voltage 


Transistor Matching (measuring A le) 


Collector-to-Emitter Breakdown Voltage LVcEo 
Collector Cutoff Current | IcEO 
Collector-to-Emitter Saturation Voltage VCE SAT 
Base-to-Emitter Voltage 
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Static Forward Current-Transfer Ratio 
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Semicustom Bipolar Array AS17xx 


Typical Performance Curves 
Minimum NPN 


BETA vs Ic Over Temperature Vepo Breakdown Voltage vs 
(—55° C to 125° C) Temperature 
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Figure 19 Figure 20 
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AS17xx 


Typical Performance Curves 
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(—55° C to 125° C) 
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BETA vs lc Over Temperature 
(—55° C to 125° C) 
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Vee (mV) 


Vepo (V) 


Semicustom Bipolar Array 


Vee vs Temperature with Different Ic 
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VeBpo Breakdown Voltage vs 
Temperature 
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Figure 26 
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Semicustom Bipolar Array 
Typical Performance Curves 
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Typical Performance Curves 


BETA vs le Over Temperature 
(—55° C to 125° C) 
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Figure 33 
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Semicustom Bipolar Array 


BETA vs le Over Temperature 
(—55° C to 125° C) 
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Typical Performance Curves 
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The Semicustom Application 
The Design Considerations 


The designer should take advantage of the resis- 
tor and transistor matching available with ICs 
and not rely on the absolute values of param- 
eters. If a certain emitter area is desired for 
current ratioing, several transistors can be 
connected in parallel to simulate this condition, 
or by using the desired emitter area of an NPN 
power device (when breadboarding use the 
previous method). When using the double- 
collector PNP transistors, do not float one of the 
collectors; either tie them together or tie one to 
the substrate. Floating one of the collectors will 
severely reduce the beta. There are several 
values and types of resistors available on the 
AS17xx semicustom array as outlined in the 
resistor summary. 
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Vee VS Ic Over Temperature 
(—55° C to 125° C) 


VBE sat (mV) 
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Figure 36 
Resistor Summary 
8 - Pinch Resistors 
(30k + 50%, use at 5 V) 
80 - Base String Resistors 
Using full string lengths gives: 
73 -4k 
7-1.5k 
Using separate pieces of the strings gives: 
67 — 500 
63-1k 
43 -2k 
30 - 4k 


Note: Do not try to use one resistor string for more than one 


resistor unless they are connected together in the circuit. 


Additional components and their resistances 
are as follows: 
13 - Cross-unders (370 for full length, and 
190 for half length) 
6 - Buses (at 10 between connection 
points) 


AS17xx 


Non-Integratable Components 


Identify all non-integratable components suchas 
inductors and capacitors. These will have to be 
supplied with external components. Note that 
junction capacitors can be formed using transis- 
tors with collector and emitter tied together for 
limited capacitance values. 


Minimizing Stray Effects (Parasitics, Currents, 
and Capacitance) 


The following steps are recommended: 


1) Try to keep substrate currents as low as 
possible (under a few mA) to prevent isolation 
loss and cross-talk between adjacent compo- 
nents. If a component has a high substrate 
current, try to isolate it from the other compo- 
nents and keep it as close to the substrate 
bonding pad as possible. The substrate cur- 
rent should be measured for either each kit 
part or the whole breadboard (with all the 
substrates tied together) usinga10 resistor 
connected to the most negative potential in 
the circuit. 


2) Do not saturate any PNP. If this is unavoid- 
able, limit the base current so that the sub- 
strate current in the kit part lead is kept low. 
This is because of the parasitic vertical PNP 
formed between the emitter, base and sub- 
strate in a lateral PNP will become active 
when the lateral PNP is saturated. 


3) Do not use any diode-connected PNP over 
about 500 UA to avoid the above mentioned 
parasitic PNP. 


4) Contact the N-layer (collector-plug) in the 
resistor-tubs to the most positive potential 
(this is for resistor-tub biasing and isolation, 
and is a concern only for the semicustom 
implementation of the circuit), and the 
substrate to the most negative potential in 
the circuit. 
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5) High-frequency oscillations can, on rare oc- 
casions, occur in the integrated circuit when 
the breadboard did not show any tendency 
toward oscillation. This can be caused by the 
stray capacitances in the breadboard, which 
are larger than those associated with the IC 
and tend to stabilize potentially unstable cir- 
cuits. Therefore, every effort should be made 
to minimize stray capacitances in the bread- 
board. This can be done by using DIP sockets 
and soldered wire or printed circuit intercon- 
nects rather than the popular solderless plug- 
in breadboards which have up to 10 pF of 
pin-to-pin capacitance. 


Breadboarding with Kit Parts 


All circuits should be breadboarded before being 
implemented on the semicustom array using 
AS1700 Kit Parts, (which are transistor arrays 
made using the AS17xx semicustom array). This 
breadboard will simulate as accurately as pos- 
sible all stray effects and how the circuit will 
perform when implemented with the semicustom 
array. We recommend that standard carbon re- 
sistors be used to simulate the integrated resis- 
tors, or precision thin film resistors if accurate 
ratios are required. 


Evaluating your breadboard 


After obtaining satisfactory performance from 
the breadboard, evaluate the effects of resistor, 
transistor and temperature variations. 


We recommend simulating the worst-case resis- 
tance variations (which is 30% globally and 1% 
for matching and ratioing) on the breadboard by 
substituting the appropriate values for all resis- 
tors. Sensitivity to transistor parameter varia- 
tions can be seen by interchanging kit parts. 
We also recommend that the breadboard be 
tested over the full operating temperature range 
of the circuit. 
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After testing is complete, make sure that the 
breadboard circuit is accurately reflected in the 
schematic by doing a thorough check to see if all 
modifications to the breadboard are included. 


Layout options 


After thoroughly testing the breadboard, begin 
the layout process. There are three options for 
doing the layout: 


Customer layout - You do the layout and 
provide Astec with a completed layout sheet 
(at 500x - which Astec will provide) ready for 
entry into our CAD system. Astec will review 
the layout for design rule violations and advise 
you so that you can correct them yourself or 
elect to have Astec fix them. 


Vendor layout - You may assign Astec the 
responsibility of the IC layout. 


Customer supervised layout - You assign 
the layout implementation to Astec but retain 
the responsibility for the final form and con- 
tent. Basically you are subcontracting Astec 
to do the IC layout under your direction. This 
option requires a great deal of communication 
between the customer and Astec, but can 
yield the greatest control for the customer 
while reducing the layout time. 


Layout guidelines 


We recommend that several copies of the layout 
on the data sheet be made to facilitate the layout 
process before working with the 500x layout 
sheet. The layout copies can be used to sketch 
various interconnect options, and work out any 
design problems that may be encountered be- 
cause of the layout process. 


Functional blocks: We recommend that the 
circuit be broken down into functional blocks. 
The blocks are selected in such a way as to 
minimize the the number of interconnections 
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with the other blocks. If the blocks are in 
sequence, the circuit can usually be divided so 
that only one or two connections are made 
between the blocks (other than power supply 
connections). | 


Block location: Next, add up the number of 
devices and pads required by each block. Then 
select an area of the chip for each block. There 
are a few considerations which must be kept in 
mind for the block placement. First, the selected 
area must contain the required number of com- 
ponents and pads. Second, the various areas 
should be located so that interconnections be- 
tween them are as easy as possible. Finally, the 
locations of the various pads to be bonded to pins 
and their relationships to each other and the 
blocks should be considered. Bond wires should 
not cross each other. 


Cross-unders & buses: Cross-unders can be 
useful for small resistance values, but be careful 
of connections that can not tolerate cross-under 
resistance (see resistor summary), such as the 
base connections for a diode-biased current 
source, etc. To make sure that a connection can 
tolerate the cross-under resistance, insert the 
appropriate valued resistor in the breadboard 
and evaluate its effect on circuit performance. 
Buses have low resistance and are valuable for 
connecting functional blocks together, and bus- 
ing power supply voltages. 


Thermal considerations: If one or more com- 
ponents dissipate heat, they should be located 
away from other components that require close 
matching. The matched components should be 
placed together an equal distance from the 
thermal source. This way both of the matched 
components will be heated equally. Total power 
dissipation in the circuit is a function of the 
package type and size. On average at least 
500 mW can be dissipated without trouble. Larger 
packages can dissipate more heat. 


AS17xx 


Signal & common coupling: If high frequency 
signals are present which have large amplitude 
swings, these lines should be separated as much 
as possible with respect to their pin locations 
because of inductive or capacitive coupling be- 
tween their pins and bonding wires. 


Another coupling problem arises when there are 
long metal lines. For example, if there is a com- 
mon ground line for both the input and output of 
an amplifier, the fluctuating current from the 
output could cause a voltage drop along the line 
that could effect the input. This coupling could 
cause distortion or oscillations. The solution to 
this problem is to run two separate ground lines 
to the ground pad. 


Resistor ratioing: Where matched resistor val- 
ues or precise ratios are required, identical resis- 
tor constructs and orientations should be used. 
Identical resistors orientated 90° to each other 
may have different values due to directionally 
dependent fabrication and packaging tolerances. 


Component interconnection: We recommend 
numbering the components on the circuit sche- 
matic and using these numbers on the layout. 
Work on only one circuit block at a time and leave 
the block interconnections until all the blocks are 
finished. Start the layout by selecting several 
components of a block and placing them on the 
layout; sketch their interconnections and work 
outward marking the schematic as you go. 


Metal routing: The metal routing can be sketched 
on the layout sheet taking into account the de- 
sign rule considerations as follows: 


Design Rules: 


e Minimum metal width = 8 microns 


¢ Minimum spacing between metal 
traces = 8 microns 
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e Current capacity of metal trace = 4 mA 
per micron of width 


e Metal line to pad (active) = 24 microns 


(note: metal resistance 0.02 
per square) 


The area around the outside of the chip has a 
metalized ring with numerous contacts to the 
substrate. The substrate must be connected to 
the most negative potential in the circuit. When 
laying out the circuit, the ground conductors 
should lead inward from the outer ring. There are 
several N-layer contacts for the different resistor 
tub areas that must be connected to the most 
positive potential in the circuit to maintain 
isolation. 


Bonding pads: The rules for bonding pad lay- 
outs are very simple. You must be able to draw 
a straight line from a bonding pad to its pin 
without crossing any other wires, and the pads 
should be evenly spaced around the chip. The 
pin assignments are arbitrary, but they should be 
organized such that the pin numbers correspond 
to the pads in acounter-clockwise rotation around 
the chip, and not some random pattern that 
would cause bonding wires to cross each other. 


Layout sheets (500x) are available upon re- 
quest for final layout, and are used to make the 
metal interconnect mask and check spacing rules. 
We recommend that the metal interconnect be 
done on a clear film over the layout sheet with 
erasable markers before making the final layout. - 
This will allow for modifications to be made with 
a minimum amount of effort. 
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Functional Circuit Blocks 


The following circuits are presented as a guide to assist in circuit design using the AS17xx 
Semicustom Array.Complex circuit functions can be created from these elementry building 
blocks. These circuit blocks can be modified and improved to suit the designer's needs in creating a 
complete system. 


Current Sources 


Here are a few examples of PNP current sources; NPN current sinks can easly be derived from the 
analog of these PNP examples. 


lin lout In lout lin lour 

Figure 2. Simple PNP Current Source. Figure 3. Widlar Current Source, Figure 4. Wilson Current Source, 
Has Slower Frequency Moderate Frequency Fast Frequency . 
Response, and up to +15% Response. Response. 
Tolerance Error. lout = lin « (1 + 2/87) lout = lin « (1 + 1/287) 
lout = lin * (1 + 2/8) 

Comparator Input Stages 

Several comparator input stages are illustrated below. 

Voc Vec 
Voc | i 
V- v+ Vo Me Me vt V- 
Vo Vo 
Figure 5. Simple NPN Type Figure 6. Simple NPN Type Figure 7. Improved PNP Type 
Comparator. Comparator Input Stage. (Good GND Sensing) 


Comparator Input Stage. 
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Functional Circuit Blocks 
Voltage Regulators/References 


4 
| 
am 


Figure 8. Zener Diode Vz=7 V 





Figure 10. Widlar Band Gap Reference. 
AVepe = V(R3) = Vr * In (A2/A1) 
Vout = Vee(Q3) + (R2/R3) * AVee 
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Figure 9. Vge Multipled Regulator. 
Vout = Vee * R2/R1 





Figure 11. Brokaw Band Gap Reference. | 
AVee = V(R1) = Vr « In (A1/A2) 
Vout = Vee(Q2) + V(R1) * 2 * R2/R1 
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Functional Circuit Blocks 
Flip-Flop 
Here are two examples of flip-flop circuits. 
Vec 
a 
i 
8 
Load 
Resistor 
Set My pe Reset Siiei 
C) 


Reset 
O 


rie] 


Figure 17. Fast, ECL Flip-Flop Figure 18. Four Layer Latch Flip-Flop 
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Functional Circuit Blocks 

Trimming Schemes | 

There often arises the need to trim a parameter (i.e. voltage, current, oscillator frequency, offset null, 
etc.) to some particular value because of processing variations involved with wafer fabrication. We 


have developed two methods to accomplish this goal: 1) fuse link, where a fuse is blown to cause an 
Open; and 2) zener zap, where a zener is taken well into breakdown until a short occurs. 


Fuse Link 


Fuse links can be used similar to zeners for trimming, but the fuses must be located on a bonding pad 
inside the pad cut because a fuse won’t blow if there is passivation over it. One possible trim scheme 
using fuse links is shown below. 


Metal Trace 
To Circuit 


Fuse Link 


Pad 





Figure 12. Figure 13. 
Zener Zap 


When using zener zap trim methods there are several points to keep in mind: the zener should be 
located near a pad, no cross-unders should be used to connect the zener with the pad, and the metal 
lines connecting the pad to the zener should be as thick as possible to allow the high current 
necessary to blow the zener. A few examples of the many possible trim schemes are shown in 
Figure 14, Figure 15 and Figure 16. 








Figure 14. Simple Trim Setup Figure 15. Trim Scheme Using Only 3 Figure 16. Parallel Trim Scheme 
with 8 Trim Steps. Pads to Get 16 Trim Steps. with 8 Trim Steps. 
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Spice Models: 


MODEL Nmin NPN; Minimum NPN 
+ (IS=0.5FA BF=200 NF=.995 VAF=100 IKF=20M NE=1.45 
+ EG=1.185 BR=5 NR=0.98 VAR=30 IKR=2M XTB=0.3 
+ RB=270 RC=60 RE=7 TRB1=1.5M XTI=2.5 
+ CJE=450FF VJE=0.85 MJE=0.36 TF =300PS 
+ CJC =200FF VIC = 0.57 MJC = 0.47 
+ CJS=1.4PF VJS = 0.31 MJS = 0.35) 


-MODEL Plat LPNP; Lateral PNP 
+ (IS=0.9FA BF =80 NF=1 IKF=60U NE=1.5 
+ EG=1.2 BR=30 NR=0.98 IKR=2M 
+ RB=30 RC=200 RE=15 TRC1=1.5M TRE1=1.5M 
+ VAF = 45 VAR = 30 
+ CJE=150FF VJE=0.57 MJE=0.47 TF=30NS 
+ CJC =950FF VJC =0.57 MJC =0.47 XTB=0.5 
CJS = 1.4PF VJS =0.31 MJS = 0.35) 


-MODEL Pvert LPNP; Vertical PNP 
+ (IS=0.9FA BF=100 NF=.995 VAF = 45 IKF =1.5M 
+ EG=1.22 BR=30 NR=0.98 VAR=30 IKR=2M NE = 1.25 
+ RB=350 RC =200 RE=300 TRC1=1.5M TRE1 =1.5M 
+ CJE=150FF VJE=0.57 MJE=0.47 TF=30NS 
+ CJC =1.6PF VJC =0.57 MJC =0.47 XTB =0.5) 


.MODEL RBase RES; Base Resistor 
+ (R=1 TC1=2.1m TC2 = 7u) 

-MODEL Rimp RES; Implant Resistor 
+ (R=1.0 TC1=4m TC2 = 6u) 

-MODEL RPinch RES; Pinch Resistor 
+ (R=1.0 TC1 = 7m) 


.MODEL Dzener D; 
+ (BV=7.2V IBV=1uA RS =270 IS =.1fA) 


+ 
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Component Summary 
Components Available (single tile): 


Small NPN: 48 
Dual collector PNP: 21 
Vertical PNP 4 
Power NPN 3 


Diffused Resistors (total) 300 k 

Pinch Resistors (3-terminal, 30k ) 8 
Cross-unders 13 
Buses 6 


Resistor Summary 
Resistor Summary: 


8 


80 


- Pinch Resistors 


(30k + 50%, use at 5 V) 


- Base String Resistors 


Using full string lengths gives: 
73-4k 
7-1.5k 
Using separate pieces of the strings gives: 
67 - 500 
63-1k 
43 -2k 
30-4k 


Additional components and their resistances 
are as follows: 


13 


6 


- Cross-unders (370 for full length, and 


190 for half length) 


- Buses (at 10 between connection 


points) 


Design Rules 


Design Rules: 


Minimum metal width = 8 microns 


Minimum spacing between metal 
traces = 8 microns 


Current capacity of metal trace = 4 mA per 
micron of width 


Metal line to pad (active) = 24 microns 


(note: metal resistance 0.02 per 
square) 
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Device Layout 














Minimum NPN 














Power (20x) NPN 


Semicustom Bipolar Array AS17xx 


Device Layout 





i fl i 
fal (t3 
az ft a 
[a] (a) ‘C 


(ra) pcr [2] oncrncracn [7] CRRRR 

[o) aes (0) ees [5] eae [D1] 
fs) {a} 

[= }acn (3) RoRcRn [5] ORCC 





became se = Se i a a ss a 
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Notes 
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AS431 


General Application Information 


Steve Contreras 


The ASTEC AS431 is a low-cost Precision Tem- 
perature Compensated Reference IC that is well- 
suited for many applications in linear and power 
electronics. A direct replacement for the industry 
standard TL431, this IC offers improved AC per- 
formance, near zero Temperature Coeficient (TC), 
trimmed 0.5% tolerance and is available in stan- 
dard grades from 0 to 105° C and an extended 
temperature version, the AS14381, from —55 to 
125° C. 


When used with a minimum of external compo- 
nents, this device is ideal for a wide variety of 
applications including precision programmable 
voltage references, high speed amplifiers, com- 
parators, linear series or shunt regulators, cur- 
rent sources or limiters, delay timers, voltage 
monitors, alarm circuits, and oscillators. 


This application note demonstrates the versatil- 
ity of the AS431 in typical applications and pre- 
sents data useful for gaining a complete under- 
standing of its application. 


Figure 1 shows the schematic symbol and func- 
tional block diagram for the AS431. As indicated 
by the schematic symbol, the device can be 
thought of as a programmable zener diode. The 
functional block diagram, however, reveals a 
versatile IC consisting of a _ trimmed 
2.5 V precision band gap reference, a high speed 
amplifier (Gain BW Product 3 MHz), ESD 


protection and a low impedance output stage. It 
is capable of shunting from 1 to 150 milliamps 
and has an output voltage range of 2.5 to 30 volts. 
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(K) 
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(A) (B) 


Figure 1. AS431 A) Schematic Symbol 
B) Functional Block Diagram 


Typical Applications 
Precision Voltage Reference 


The most common application of the AS431 is a 
precision temperature compensated voltage ref- 
erence as shown in Figure 2. Note that only one 
external resistor is required for an output voltage 
equal to Vrer. For output voltages other than 
Vrer, a Simple resistor divider network is used. 


Fixed 2.5 Volt Reference 


For an output voltage equal to Vrer, the refer- 
ence input pin is connected directly to the cath- 
ode. Asingle resistor R is used to set the cathode 
current (Ix). The value of R will depend primarily 
on Vin and the characteristics of the load imped- 
ance that the circuit output will see (similar to 
selecting the series resistor for an ordinary zener 








Figure 2. AS431 Precision Voltage Reference 
A) Fixed B) Programmable 


diode). Generally, R should be chosen to give 
about 10 mA of cathode current. This will keep 
the power dissipation low. 


Example: Determine the value of R for Vin = 
20 volts. 


The voltage across Ris 20-2.5=17.5 V. Fora 
desired Ix of 10 mA, R = 17.5/0.01 = 1.75 kQ. 
Thus, an R of 1.8 kQ will give an Ix of about 
10 mA. ; 


Programmable Output 


To program the output to any desired value 
between Vrer and 30 volts, a simple resistor 
voltage divider is used as shown in Figure 2B. 


Vout is determined by the formula: 
Vout = Vrer (1 + RI/R2) + Irere R1. 


To ensure precise regulation, low TC precision 
1% resistors should be used for R1 & R2. Its 
values should not be so low as to Cause exces- 
sive power dissipation, nor too high that an error 
is introduced due to changes in Irer over tem- 
perature (Irer is typically 0.7 uA and deviates 0.4 
uA over the full temperature range). A good 
compromise is to always keep R2 at around 2 to 
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5 kQ and then select R1 to obtain the desired 
output voltage. The circuit can be made variable 
by using a potentiometer for R1. 


The AS431 As An Error Amplifier 


The AS431 can be used in both linear and switch 
mode power supplies as high gain error amplifier 
with a built-in temperature compensated voltage 
reference. 


Linear Voltage Regulator 


Figure 3 shows a simple linear voltage regulator. 
This circuit converts an unregulated DC source 
(rectified AC or battery) to a low-noise, low-ripple 
precision-regulated DC output. The output volt- 
age can be set to any desired value between 2.5 
to 28 volts, and the output current is limited only 
by the series pass element. 


The high gain of the AS431 allows this circuit to 
achieve a line/load regulation of typically 0.03% 
or better, depending on the application. 


Switch Mode Power Supply 


The AS431 can be similarly used in switch mode 
power supplies as shown in Figure 4. The only 
difference is the AS431 does not control the 





Vou 
Vacr (1 + R1/R2) 


Figure 3. Linear Regulator Using the AS431 as a 
Reference/Error Amplifier 
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output voltage directly as in the linear regulator. 
Instead, it provides an amplified error signal to 
the PWM circuitry that in turn controls the on/off 
ratio of the switching device(s), thereby regulat- 
ing the output voltage. Also, because of the 
phase shifts and delays associated with the modu- 
lator and filter components in switching power 
supplies, a more elaborate compensation net- 
work is required in the control loop to optimize the 
gain/phase characteristics of system. The net- 
work type and values are chosen so as to ensure 
stability and proper transient response. 


Note that there are many different types of switch- 
ing power supply topologies having different com- 
pensation, isolation and PWM configurations. 
The AS431 and associated circuitry, however, 
are essentially the same in all cases except for 
component values, the type of compensation 
network used and location (it may be located on 
the primary side in some applications). 


The AS431 may also be used for other functions 
in a switch mode power supply. For example, it 
can be used as a reference or acomparator in the 
housekeeping, input/output monitoring, tempera- 
ture control, or alarm circuitry. Or, as the refer- 
ence/error amplifier ina MagAmp or linear auxil- 
iary output regulator. Figure 6 illustrates several 
of these applications. 


POWER TRANSFORMER 
















SWITCHING 


DC BUS CIRCUIT 


ISOLATION/PWM 


AS431 


Frequency Compensation 


Frequency compensation of a power supply con- 
trol loop is achieved with an external compensa- 
tion network, typically connected between the 
reference and cathode pins of the AS431. The 
type of network used can be as simple as a single 
capacitor, or as elaborate as a dual zero-pole pair 
network, depending on the power supply’s topol- 
ogy. Atypical single zero-pole pair compensation 
network is shown in Figures 4 and 5. 


The AS431 typically has 55 dB of gain from DC to 
6 kHz, where it rolls off at a 6 dB per octave rate, 
reaching 0 dB at 3 MHz. Further information 
characterizing the performance of the AS431 
over frequency can be found in the AS431 Data 
Sheet. Due to the complexity of frequency com- 
pensation network design and the vast number of 
power supply topologies possible, a detailed 
discussion is beyond the scope of this application 
note. However, the information provided is useful 
in determining the compensation needed for a 
particular application. 


The AS431 as a MagAmp Controller 


Post regulation is required in many cases for one 
or more outputs of a switch-mode power supply. 
Linear regulators incorporating the AS431 are 
adequate for most low current outputs. When — 







OUTPUT 
RECTIFIER O 
& FILTER 
COMPENSATION R1 
NETWORK 





Figure 4. A Switch-Mode Power Supply Using the AS431 as a Reference/Error Amplifier 


ASTEC Semiconductor 


135 


AS431 


high current outputs are required, a MagAmp 
(saturable-core) regulator is usually used be- 
cause of its high efficiency. 


Generally speaking, a MagAmp is a pulse-width 
modulated buck regulator circuit that uses a 
saturable core inductor as the switching element. 
The inductor initially has a high inductance that 
blocks a pre-determined number of volt-seconds. 
Upon saturation, the inductor reverts to a very 
low impedance, which allows current to flow to 
the output with little loss. The number of volt- 
seconds blocked in each cycle is defined by the 
control circuitry and varies in accordance with 
changes In line and load, providing tight regula- 
tion at the output. 


The AS431 is an ideal low-cost MagAmp control- 
ler, for it contains all the necessary control func- 
tions needed (precision reference, high gain 


SATURABLE 
INDUCTOR 





POWER 
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error amplifier and an output stage) in a small 
package. A schematic diagram of a typical 
MagAmp post regulator using the AS431 is shown 
in Figure 5. Since this circuit constitutes a closed 
loop system, frequency compensation of the er- 
ror amplifier is necessary. 


Other Applications 


The AS431 also can replace an ordinary zener 
diode in any circuit where a higher accuracy and 
temperature stability is required. Viewing the 
AS431 as a high gain transistor with a Vee of 
2.5 V increases usage possibilities. Applications 
for this device are limited only by the imagination. 


Several practical applications are illustrated in 
Figure 6. 





COMPENSATION 
NETWORK 








Figure 5. An AS431 Controlled MagAmp Post Regulator 
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CURRENT SOURCE VOLTAGE MONITOR 
+V 





LEDon = VREF (1 + R1/R2) 


COMPARATOR CONSTANT CURRENT SINK 
+V +V 
la = Y REF 
IN= Re 
OUTPUT 
INPUT 
Rs 


Figure 6. Typical AS431 Applications 
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et csiscancl Note 2 


Secondary Side Error Amplifier Using 


the AS43171 


Mike Wong 


I. Introduction 


One of the most important safety regulations to 
which an off-line power supply must conform is 
input to output electrical isolation. This isolation 
requirement prevents the power supply control IC 
from directly sensing both the input line and 
output voltages. In the case of primary side con- 
trol the output regulation information, an error 
voltage, must be transferred from the secondary 
side. This application note discusses a_ simple 
way of transmitting regulation information across 
the electrical isolation using an AS431 and a 
conventional 4N27 opto-coupler. 


II. Power Supply Circuit 


Figure 1 illustrates a simple flyback regulator. The 
AS3842, a low-cost current mode control IC, is 
configured to regulate the power supply from the 


COMP aa 
_|F ee as 


vy 





primary side. The AS431 acts as a reference and 
a feedback error amplifier to sense the output 
voltage and generate a corresponding error volt- 
age. This error voltage is then converted to an 
error current and coupled to the primary side 
through a 4N27 opto-coupler. 


III. Opto-Coupler 


Recently, opto-coupler manufacturers have made 
major improvements in opto-coupler processing 
and packaging technologies, resulting in tighter 
current transfer ratio (CTR) tolerances and better 
long-term reliability. 


When designing the opto-coupler feedback cir- 
cuitry, the designer should note the opto-coupler 
forward diode current. The forward diode current 
sets the device’s CTR and effects the long-term 
reliability of the device. Similar to a lamp filament, 


O+5V 
+ + 
2200 uw 1000 pn 


O COM 


ie OUT 10k 
a ow GND 1500 p 
AS3842 

i ee: 0.27 AS431 


Figure 1. A 40W Flyback Power Regulator 





© ASTEC Semiconductor 


139 


AS431 


the opto-coupler diode can be worn out or de- 
graded more quickly if it is subjected to higher 
current. Also, the opto-coupler’s unity gain band- 
width increases with forward diode current. The 
modulation of the gain bandwidth is caused by 
variations in the transconductance of the output 
transistor. In addition, the Miller capacitor from the 
base to collector of the output transistor damps 
out the effects of the opto-coupler’s gain variance. 
A properly designed opto-coupler circuit not only 
increases long-term reliability of the regulator but 
also ensures a superior loop response. 


IV. Design Example 


Figure 2 shows the amplifier feedback section of 
the flyback power supply. To keep the 5 V output 
regulated, the Vcomp voltage must track the output 
voltage. The output voltage is first divided down by 
two 2.5 kQ resistors, and its result is fed into 
an AS431 error amplifier network. The error ampli- 
fier output, VcatHope, IS then converted to a 
proportional opto-coupler diode current. The 
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opto-coupler bridges the isolation barrier and 
generates an output collector current proportional 
to the input diode current. Since the opto-coupler 
output is connected to the Vcomp pin, the opto- 
coupler output current is the Icomp Source current. 
In a normal operating condition, a higher output 
voltage causes VcatHope to drop and results in a 
high diode current and Icomp source current and 
consequently a lower Vcomp. A lower Vcomp de- 
creases the PWM duty cycle and therefore de- 
creases the regulator output voltage. The result is 
a regulated output. A determination of the opto- 
coupler diode operating current and small signal 
loop gain follows. 


IVa. Opto-Coupler Operating Current 


This design example shows the diode operating 
current as determined by the maximum Icomp 
source current. In order for Vcomp to decrease 
linearly with increasing lcomp source current, Icomp 
has to operate in a linear region slightly above the 
maximum Icomp source current. The linear region 
is depicted in Figure 3. 


5 V Vout 
V a haw 
COMP ax ow 
100 p R9 see 
2K 
R1 
82 
— 10 k 
1500 p 47n 
AS431 
2.5k 
Figure 2. 
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Figure 3. Vcomp VS Icomp 


Since the lcomp Source current is equal to the opto- 
coupler output current, the opto-coupler output 
current also modulates in the same Icomp linear 
region. With a known opto-coupler output current, 
the input diode current, Ipiope, can then be ob- 
tained from the output current versus diode 
current curve on the opto-coupler data sheet. 
Figure 4 illustrates the output current versus diode 
current curve of the 4N27 opto-coupler. The 4N27 
data sheet guarantees a minimum of 0.1 CTR at 
10 mA diode current. 
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The typical AS3842 maximum Icomp source cur- 
rent is 800 LA. Using Figure 4, and assuming 
0.1 CTR at 10 mA diode current, the forward diode 
current required to generate 800 LA of opto- 
coupler current is 8 mA. 
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IVb. AC Gain Analysis 


Once the opto-coupler diode current is deter- 
mined, the current limiting resistor R1 of Figure 2 
can then be chosen to guarantee good output 
regulations and proper dynamic loop response. 
The AS431 cathode voltage, VcaTHope, IS a func- 
tion of the diode operating current, Ibiope, and the 
value of R1. Also, VcatHope must be greater than 
2.5 V for proper operation. 

Vee =V,-V,-(b 


-RIV>2.5V (1) 


=5.0V-12V-(8mA-R1)>2.5V 
= 3.8 —(8 mA- R1)>2.5V | 
RI <162Q 
= 82 Q (chosen) 
V, =3.14V 


R1 also plays a significant role in controlling the 
open loop gain of the power supply. The following 
equations derive the small signal AC gain from 
VcaTHODE to Vcomp. 


lcome = 1p ° CTR (2) 
V,-YV, 
s c ) ore 
R1 
DT gis CTR (3) 
AV, Rl 
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At the steady state condition, Vcomp is in the 
linear region, 


AVcome ces Al COMP_., AVcomp ( 4) 
AV, NV e. ~ Dace 
CTR 
a RI * Ncomp 
From figure 3: 
AV, 
R = COMP 
COMP Al iss 
_ 5.6 V 
(822 — 810) WA 
= 509 kQ 


Applying equation (4): 


AVeome _ OL . (509 kQ) 
AV,. 82 Q 
= 620 
= 55.9 dB 


Application Note 2 


IVc. Other Considerations 


R2,a2k_ resistor in parallel with the opto- 
coupler diode and R1, provides the minimum 
cathode current required to keep the AS431 oper- 
ating when a minimum opto-coupler diode current 
is required. In addition, a small filter capacitor is 
placed close to the Vcomp pin of the control IC to 
attenuate high frequency switching noise being 
picked up by the metal trace from the opto-coupler 
to the control IC. Since the location of the pole in 
the opto-coupler small signal response varies 
significantly with the dc operating point of the 
opto-coupler, a resistor can be added from the 
Vrec to Vcomp pin to supply additional bias current 
to stabilize the loop. 
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Noise and Stability Considerations 
Using the AS384x 


Mike Wong 


I. Introduction 


The AS384x product series is a state-of-the-art 
power supply controller designed with high-per- 
formance circuit techniques to improve speed and 
accuracy. Care is required to make effective use 
of this product’s high speed and accuracy, be- 
cause noise sensitivity is an inherent consequence 
of peak current mode control. This can lead to jitter 
at the output of the IC and periodic oscillations on 
the output of the power supply. 


II. Peak Current Mode Control 


Current mode control offers several significant 
advantages over voltage mode control. These 
include automatic input voltage feed-forward, 
pulse-by-pulse current limiting, and lower circuit 
complexity. 


Current mode control uses two control loops, a 
current loop and a voltage loop. Figure 1 shows a 


AS384x 





simplified current mode controlled buck converter. 


When the FET is turned on, current through the 
transformer, which is proportional to the output 
inductor current, is sensed with the current sense 
resistor (Rsense in Figure 1). When the voltage 
level across Rsense reaches Verror (a function 
of the output voltage) the FET is switched off. 
Figure 2 illustrates the waveforms of the current 
mode converter shown below. - 
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Figure 2. 
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Il. Noise and Stability Considerations 


The clock, error amplifier, current sense compara- 
tor, and RS latch are incorporated into the 384x 
family of IC’s. Comp is the error amplifier output 
(pin 1). Comp is level shifted and attenuated to 
create the internal signal, Verror. Ves is the error 
amplifier feedback input that senses the converter’s 
output voltage (pin 2). lsEnse is the current sense 
comparator input (pin 3). Below is a pin-by-pin 
description of how noise can be injected into the 
control loops and the 384x. 


A. Pin 1: Comp [error amplifier output] 


The Comp pin in the 384x, is typically used to 
provide feedback loop compensation for the error 
amplifier. If no external signal is applied to this pin 
and the loop compensation network is laid out 
close to the control IC, this pin will not experience 
noise problems. However, if the power supply is 
controlled on the primary side and the Verror 
signal is created by an AS431-2.5V Reference IC 
coupled across the isolation through an optical 
coupler, and fed directly into the 384x’s Comp pin, 
a decoupling capacitor is recommended between 
the Comp pin and ground. The purpose of this 
capacitor is to filter any noise picked-up from the 
output of the AS431. Extreme care must be taken 
in selecting this decoupling capacitor because an 
excessively large capacitor creates an extra pole 
into the voltage control loop, which can lead to 
instability problems. In a power supply with proper 
lay-out and compensation, this decoupling ca- 
pacitor may be avoided. 


B. Pin 2: Ves [inverting input of the error 
amplifier] 

The signal to this pin comes from a divided voltage 
in the power supply output. Noise seldom enters 
into the control loop through this pin, since the 
error amplifiers compensation network is a low 
pass filter with a very low corner frequency (1/3 of 
the switching frequency). This network filters out 
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any noise on the Vez pin. 


C. Pin 3: lsense [current sense input for the 
PWM comparator] 


The signal to this pin is usually a voltage level 
proportional to the output inductor current. The 
384x output gate drive pulse is terminated when 
the voltage at Isense reaches Verror. Most noise- 
related problems can be traced directly to this pin. 
One can generally categorize these problems into 
four groups: leading edge current spike on the 
current sense waveform, periodic oscillation or 
noise on the current sense waveform, peak to 
average current error, and instability caused by 
greater than 50% duty cycle. 


IV. Noise Characteristics Related to 
Current Sense 


A. Leading Edge Current Sense Spike 


During the transient when the MOSFET is being 
switched on, an instantaneous voltage is induced 
across the power transformer to generate a high 
surge current through the power MOSFET to 
ground. This surge current creates a leading edge 
voltage spike as shown in Figure 3. 








CURRENT _, PIN 3 
SENSE CURRENT 
LEADING EDGE SENSE 
SPIKE 


Figure 3. 

A low pass RC filter is usually placed in-between 
the Rsense resistor and the Isense pin to damp out 
the leading edge voltage spike. Reducing the 
leakage inductance of the transformer or placing 
a small series damping resistor from the output of 
the IC to the gate of the MOSFET are other ways 
of decreasing the magnitude of the current sense 
spike. 
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B. Periodic Oscillation on the Current 
Sense Waveform 


By examining the current sense signal carefully 
(Figure 3), a high frequency ringing can be seen 
superimposed on the current sense ramp. This 
ringing is caused from parasitic elements in the 
current sense loop and also from noise being 
coupled across the leading edge low pass filter 
capacitor. Because manufacturers of the 384x 
have different current sense comparator circuitry 
and wafer processes, their comparator bandwidths 
can be quite different. As a result, one 
manufacturer's 384x may be more “noise sensi- 
tive” than another. For example, in Figure 3, the 
384x’s output is set to turn off at point A but 
because of its wide bandwidth, the 384x can be 
false-triggered at point B. As a result, the duty 
cycle is reduced prematurely and results in jitter 
and instability problems. However, if the IC’s 
comparator bandwidth is smaller than the fre- 
quency of the ringing oscillation, the ringing is 
ignored or filtered out by the IC. 


Ifa 384x’s current sense comparator bandwidth is 
larger than the ringing frequency, the effects of the 
ring can be minimized by increasing the voltage 
ramp of the slope compensation. (Slope compen- 
sation is discussed extensively in section V.) The 
purpose of increasing slope compensation is to 
improve the current sense signal to noise ratio, or 
the ratio of the magnitude of the current ramp to 
the magnitude of the ringing. 


C. Peak vs. Average Current Error 


Current mode control regulates the peak inductor 
current, but the converter’s output current corre- 
sponds to the average inductor current. Figure 4a 
shows the output current (average inductor cur- 
rent) increases as the duty cycle increases. Con- 
sequently, the line regulation is degraded be- 
cause the converter delivers different amounts of 
current at different line conditions (Duty Cycle = 
Vout/Vin). Figure 46 and 4c illustrate how this 
problem can be corrected with slope compensa- 
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VERROR 





Figure 4. 


Figure 4a shows the average inductor current 
(lava 1. and lave 2) in dashed lines changes as the 
duty ratio (D1 and D2) changes. The triangles 
formed by solid lines represent the actual inductor 
currents (IL 1 and IL 2) at different duty ratios (D1 
and D2), and the areas under the triangles are 
their average currents. 
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Figure 4b shows that if an additional voltage ramp 
is introduced onto the current sense ramp to 
elevate the current sense ramp and allows it to 
reach Verror early, a controlled premature gate 
drive turn off can be created (D3<D2). The dashed 
line is a combination of the inductor current ramp 
and a constant voltage ramp. (Section V de- 
scribes how the oscillator ramp can be used as the 
voltage ramp by placing a resistor from the oscil- 
lator pin to the current sense pin.) The dashed 
lines are the actual current sense waveforms 
seen by pin 3 of the IC. The same area is obtained 
under the triangles, which indicates the same 
average output current is generated. 


Figure 4c shows the peaks of the inductor currents 
can be connected by a straight line. The slope of 
this line becomes the slope of our slope com- 
pensation that normally should be set at greater 
than half of the down slope of the inductor 
current (m m1/2). 


D. Instability caused by greater than 50% 
duty cycle 


Figure 5a depicts how a small perturbation in the 
inductor current is amplified when the duty cycle is 
greater than 50%. The perturbation in the operat- 
ing point is greater at the end of a given cycle than 
at the beginning and is opposite in sense. Rather 
than converging to find value after a number of 
cycles, the operating point oscillates between two 
diverging values, giving a half switching frequency 
oscillation. As shown in Figure 5b, slope compen- 
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sation again can be used to attenuate the error 
caused by the perturbation. 


V. Implementation of Slope Compensation 


Slope compensation is usually implemented with 
an additional resistor, Rstope, placed between pin 
3 and pin 4 of the IC, as shown in Figure 6a. The 
magnitude of the slope is determined by Restore 
and R11, the resistor for the low pass filter. Gener- 
ally, the slope is set at greater than half of the down 
slope of the inductor current (Slope m1/2). A 
small parallel capacitor, CsLope in Figure 6a, is 
suggested to enhance operation at minimum duty 
cycle and light loads. In some cases, the addition 
of Rstope may affect the oscillator frequency and 
duty cycle. Another slope compensation circuit 
(Figure 6b) is suggested to avoid the frequency 
shift problem. In Figure 6b, a voltage ramp with 
positive slope is generated by Restope charging 
Cs_ope when the output is turned on. This voltage 
ramp is added onto the current sense waveform 
through Rb, a buffer resistor. Another advantage of 
this slope compensation circuit is that the slope can 
be easily adjusted by changing Rs.ope or Cs_ope. 


VI. AS384x 


The Astec 384x is designed to provide a number 
of improvements over the competitor's standard 
UC384x. Some of the improvements are guaran- 
teed oscillator discharge current, reduced current 
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Figure 5. 
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sense to output delay (for high frequency opera- 
tions), and an exact 50% duty cycle clamp for the 
AS3844/5. However, a couple of simple design 
considerations allows the improved AS384x to be 
used identically to the designs of other manufac- 
turers. 


A. Slope Compensation With the AS3844/5 


In order to guarantee a true 50% duty cycle output 
clamp, the AS3844/5 is implemented with an 
alternate “on” cycle scheme. The output of the IC 
is latched “on” at the peak of the oscillator and 
turned “off’ when the oscillator reaches its next 
peak. This is illustrated in Figure 7. If the slope 
compensation is implemented with the scheme 
shown in Figure 6a (with a resistor going from the 
oscillator pin to the current sense input), the down 
slope of the oscillator can be superimposed onto 
the current sense waveform. This creates a false 
high signal that can prematurely turn off the gate 
drive output. Figure 7 illustrates all the associated 
waveforms. 
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One of the simplest ways to implement slope 
compensation and avoid the current sense false 
trigger problems is illustrated in Figure 6b and 
described in Section V. 


B. Bandwidth of the AS384x 
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(VoIS THE CURRENT SENSE WAVEFORM AT THE 
SOURCE OF THE FET.) 
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THIS IS THE RESULT OF SUPERIMPOSING Vogz ON Vs. 
THIS LEADING EDGE VOLTAGE SPIKE COULD FALSELY 
TRIGGER THE CURRENT SENSE COMPARATOR AND 
CAUSE NOISE PROBLEM. 





Figure 7. 
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Since the AS384x is designed for high switching 
frequency operations, the current sense to output 
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common layout rules that will help to ensure a 
noise-free environment for proper operation of the 


delay time is reduced and the bandwidth of the — control circuit. 
current sense comparator increased to ensure the 1) 
converter senses and responds to signals at switch- 

ing frequencies above 500KHz. As explained 
previously in Section IV B, an IC with a wide — 2) 
current sense comparator bandwidth is more sus- 
ceptible to noise. If a fast current loop is not 3) 
required inthe application, the frequency response 

(or the cross over frequency) of the current loop 4) 
can be reduced. With increased slope compensa- 5) 
tion and a slower current loop, the AS384x func- 

tions the same as other 384y’s. 


Keep all trace and lead lengths to a mini- 
mum. 


Separate the power ground and signal 
ground. 


Use ground planes. 
Keep decoupling capacitors close to the IC. 


Locate IC and control circuits away from the 
power devices. 


6) Avoid large loops. 


VII. Circuit Layout 


Incorrect layout can cause severe noise problems 
that cannot be corrected by slope compensation 
or decoupling. The following is a list of some 
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AS384x/UC384x 
Compatibility Issues 





This bulletin is intended not to explain the 
specification differences such as tighter param- 


eter distributions or wider temperature range. | 


At issue, however, are the differences that 
might be seen in a given power supply when a 
UC384x is replaced by an AS384x, or vice 
versa. 


Whether or not one part performs “better” is not 
always at question. What is at issue are differ- 
ences that may make a power supply optimized 
with one family of parts and non-optimal with 
the other. Although many of the minor differ- 
ences appear only in unusual circumstances, 
designers must be able to predict when their 
“unconventional” design techniques may inad- 
vertently expose a significant difference in the 
behavior of the control chip. 


I. Reference 


A difference exists between the start-up char- 
acteristic of the Astec parts compared with 
many competitors’ parts. On many merchant 
market 384x chips, a turn-on overshoot is vis- 
ible, which may reach 6V at its peak. This 
overshoot is usually very fast, typically less 
than half a volt, and is a function of load capaci- 
tance. The Astec part is much improved in this 
respect. 


II. Oscillator 
A. Frequency/ Duty Cycle Drift 


There is asmall oscillator drift over temperature 
that is common to all Astec parts but different 
than most competitive parts. The Astec part is 
optimized to provide a much improved duty 


cycle programming stability over temperature. 
This is at the expense of slightly higher fre- 
quency drift over temperature, though this drift is 
significantly smaller than allowed by specifica- 
tion. In typical applications, a drift in frequency is 
of much less concern than a varying maximum 
duty cycle. 


B. Synchronization 


synchronization is generally not used in the 
power supplies typical of 384x designs, but the 
Astec AS384x parts are designed to transcend 
this low-cost/low performance distinction. An 
additional block of circuitry has been added to 
allow for external clocking and direct duty cycle 
control. This feature allows the use of an exter- 
nal digital clock that is in phase with the desired 
output. Our built-in clocking function makes driv- 
ing the oscillator from an external logic source 
easier, but the addition of the low voltage sync 
threshold could cause incompatibility with some 
design techniques occasionally used with the 
UC384x. 


Any circuit forcing the Rt/Cr pin to ground may 
behave differently when the AS384x is substi- 
tuted fora UC series part. In particular, there are 
some methods of forcing a UC384x series part 
to synchronize to an external clock that may be 
problematic with an AS384x. When it is desired 
to synchronize using the lowest cost part, there 
are several schemes for synchronizing that per- 
form equally well for both UC384x parts and for 
the AS384x. These schemes share a general 
requirement that the sync/oscillator waveform 
never drops below 1 V. These schemes are 
recommended as they allow the circuit design to 
migrate to an AS284x with a minimum of com- 
patibility problems. 
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C. Very Low Cr Values 


On our test jigs, we see occasional problems 
when trying to achieve high frequencies (>200 
kHz) with very small capacitor values. Essen- 
tially, asmall cap with a high value resistor can 
excite a poorly damped resonance using the 
inductance of the interconnect (or of the cap). 


This is more a problem on the AS384x than the 
UC384x. If the resonant network rings below 
about 0.6V, it can trigger our sync circuit, caus- 
ing some unusual behavior in the oscillator. As 
with most high frequency problems, careful lay- 
out and appropriate component selection are 
the solution to the problem. Several 500 kHz 
schemes, both with and without external clocks, 
have been successfully implemented. As a gen- 
eral rule, avoid Rt values in excess of 10k when 
using the AS384x unless the layout is well 
controlled. 


II. Error Amplifier 
A. Speed 


The gain bandwidth of the op amp of the Astec 
parts is slightly higher than most competitor's 
parts (1.2 versus 1.0 MHz). Because of the use 
of junction capacitors as the compensation cap 
in the industry standard design, most competi- 
tive vendors’ parts are far less controlled than 
Astec’s (we use a cap with a glass dielectric and 
a metal top plate). In essence, we control our 
gain-bandwidth to be consistently where com- 
petitors occassionally find themselves with best- 
case parameter distributions. 


B. Noise 


Coming from a divider off of the 5V regulator, the 
internal 2.5V reference in the 3842 reflects the 
noise on that supply. Because of our improved 
regulator design and the use of ECL- type logic 
with low noise injection, there is far less noise on 
this reference point. Noise at this point effec- 
tively gets amplified to the COMP pin as a 


ASTEC Semiconductor 


Application Note 4 


function of the external compensation network. 


150 


Since any synchronous noise there effectively 
adds to or cancels some of the systems “slope” 
information, the rate of change of the noise at the 
time of the current sense amplifier switching 
event is a contributor to overall system gain. 


Although it is arguable that no noise should be 
injected, the fact we have less noise is equiva- 
lent to having different noise, and may either 
improve or degrade a supply’s loop stability 
(Certainly having less noise makes the system 
more predictable and less dependent on empiri- 
cal tweaking). 


C. Reference Accuracy 


Although it may appear to be primarily a speci- 
fication issue, the AS384x has a significant im- 
provement in the accuracy of the specification of 
the 2.5V reference at the Veg input. Whereas the 
original designers of the UC3842 designed a 5V 
reference trimmed to 1% and then used a well 
matched divider to divide it down to 2.5V, ASD 
has found the original scheme to have unaccept- 
able tolerances. Instead, all ASD parts are 
trimmed for1% precision at the 2.5 V reference 
input, and all additional tolerances are con- 
trolled to allow the 5V reference to remain within 
its usual specification for precision. 


IV. Housekeeping 
A. Turn-Off Behavior 


Because of our multiple-redundant shut-off fea- 
ture, ASD is currently seeing a benign but unex- 
pected phenomenon at the turn-off threshold. If 
a noise-free DC supply is used to put the Vcc 
within about 10-30 mV of the threshold, as the 
part is about to shut off, there is an observed 
increase in the turn-on delay of the output stage. 
This is a result of the output blanking circuitry 
being prematurely turned on into a linear range 
as the UVLO comparator hits its threshold. The 
turn-off delay is not degraded, and therefore full 
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control is maintained, but at a slightly reduced 
maximum duty cycle. This doesn’t affect supply 
hold-up time, as this phenomenon happens only 
when in the region where supply shutdown is 
guaranteed. 


C. Overtemp Shutdown 


Unlike parts from other vendors, ASD limits the 
absolute maximum die temperature to about 
135° C. This is done by disabling the oscillator. 
The 5V regulator, op amp, etc. remain biased on, 
as is the logic and output stage. Note: Since all 
circuits remain active after shutdown, but with a 
zero frequency oscillator, there can be an un- 
usual waveform in DC testing. The output can go 
high during the final cycle, and awaits a termina- 
tion signal from either the oscillator or the current 
sense amp. This may give the erroneous indica- 
tion that the output “goes high” at shutdown. In 
fact, the PWM latch is still operative, and the 
normal termination of this cycle by the current 
sense comparator latches the output low until 
the overtemp condition is rectified. (Normally by 
the power being cycled, although if kept biased, 
the chip restarts after cooling down through a 
nominal temperature hysteresis band.) 


V. Logic 
A. Propagation Delay 


From the current sense input to the output, the 
propagation delay in the AS384x is actually half 
the value of the UC384x (75-85 ns compared to 
150-180 ns). This is arguably a great advan- 
tage, giving better control and significantly better 
protection from fault conditions, including core 
saturation. On the other hand, the AS384x com- 
parator and logic sees a 50 ns noise spike as a 
significant event, whereas the UC384x may ig- 
nore it altogether. 


Both the AS284x and AS384x series parts use 
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common mode logic (ECL) for high speed, low 
noise injection, and process insensitivity. This 
reduces noise sensitivity atthe expense of some 
added propagation delay. The industry standard 
designs for the UC3842 family have similar 
propagation delays, but with those designs the 
delays are due to slow saturating RTL type logic 
and no effort is made to optimize the bandwidth 
of the current sense comparator. 


B. AS3844/45 Flip-Flop Timing 


The timing on the AS3844/5 is designed to 
guarantee a true 50% duty cycle, unlike the 
industry standard, which alternates simply both 
cycles and the oscillator discharge period. 


We need to clarify, however, that the scheme 
actually guarantees less than 50% duty cycle. 
(50 kHz spec is 49% min, 50% max, actual is 
about 49.6%) There are asymmetrical logic de- 
lays in the system. In practice this causes the 
output pulse on the 3844 to be about 150 ns less 
than the expected 50%. This is a trivial error at 
50 kHz, but at high frequencies it can become 
more of an issue. 


VI. 1/0 Clamping 
A. Input Clamping Removed 


The inputs of the error amplifier and current 
sense comparator (pins 2 and 3) are rugged epi- 
base diodes. These provide very high voltage 
breakdown (typically 60-80 V) and non-degrad- 
ing performance under stress. The circuit design 
is such that no odd behavior occurs, even under 
extreme overvoltage conditions, and the abso- 
lute Maximum Ratings on these pins are Rated 
at 30 V. Several vendors have “protected” these 
inputs with low voltage (5.8 V) zeners to ground. 
With proper device design, these structures are 
not necessary and instead add a new source for 
leakage and parametric drift. 
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B. Comp Clamp 


The error amp output on the UC3842 is nomi- 
nally specified to have an output clamping ac- 
tion at 5 V minimum, 6 V typical. This clamping 
is typically accomplished with a 5.8 V zener. 
Instead, the Astec part clamps the error amp to 
one diode drop above VREG, or about 5.6V. 
This eliminates concern about zener leakage or 
drift and improves the ESD ruggedness of the 
circuitry. 
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SWITCHING POWER SUPPLY CONTROL 
LOOP DESIGN 


Mike Wong 


1. Introduction 


Ina switched mode power converter, the conduc- 
tion time of the power switch is regulated accord- 
ing to the input and output voltages. Thus, a 
power converter is a self-contained control sys- 
tem in which the conduction time is modulated in 
reaction to changes in the input and output volt- 
ages. From a theoretical approach, control loop 
design often involves complicated equations, 
making control a challenging but often misunder- 
stood area in switched mode power supply de- 
sign. A simplified approach to feedback control 
loop analysis is presented in the following pages, 
beginning with a general overview of various 
parameters affecting performance in a switching 
power system. A demonstration of an actual 
power supply is given to show the components 
involved in designing the characteristics of the 
control loop. Test results and measurement tech- 
niques are also included. 
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2. Basic Control Loop Concepts 
2.1 Transfer Functions and the Bode Plots 


The transfer function of a system is defined as the 
output divided by the input. It consists of a gain 
and a phase element that can be plotted sepa- 
rately in a Bode plot. The gain around a closed 
loop system is the product of the gains of all the 
elements around the loop. Ina Bode plot, the gain 
is plotted logarithmically. Since the product of two 
numbers is their logarithmic sum, their gains can 
be summed graphically. The phase of the system 
is the sum of all phase shifts around the loop. 


2.2 Poles 


Mathematically, in a transfer equation, a pole 
occurs when its denominator becomes zero. 
Graphically, a pole in the bode plot occurs when 
the slope of the gain decreases by 20 dB per 
decade. Figure 1 illustrates a low pass filter 
commonly used for creating a pole in the system. 
Its transfer function and Bode plots are also 
shown. 
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2.3 Zeros 


A zero in a frequency domain transfer function 
occurs when the numerator of the equation goes 
to zero. In a Bode plot, a zero occurs at a point 
where the slope of the gain increases by 20 dB per 
decade accompanied by 90° phase lead. A high 
pass filter circuit causing a zero is depicted in 
Figure 2. 


There is a second type of zero, known as a right 
half plane zero, that causes phase lag instead of 
phase lead. A right half plane zero causes a 90° 
phase lag, accompanied by an increase in gain. 
Right half plane zeros are usually found in boost 
and buck-boost converters and so extra precau- 
tion should be taken during feedback compensa- 
tion design so the crossover frequency of the 
system is well below the frequency of the right half 
plane zero. The Bode plot of a right half plane zero 
is shown below in Figure 3. 
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3.0 Ideal Gain-phase Plots for a 
Switching Mode Power Supply 


A goal must be clearly defined prior to designing 
any control system. Generally, the goal is simply 
a Bode plot constructed to achieve the best sys- 
tem dynamic response, tightest line and load 
regulation, and greatest stability. An ideal closed 
loop Bode plot should possess three characteris- 
tics: sufficient phase margin, wide bandwidth, and 
high gain. A high phase margin damps oscilla- 
tions and shortens the transient settling time. 
Wide bandwidth allows the power system to quickly 
respond to sudden line and load changes. A high 
gain ensures good line and load regulation. 


3.1 Phase Margin 


Referring to Figure 4, the phase margin is the 
amount of phase above 0° at the crossover fre- 
quency (fcs). This is different from most control 
system textbooks that present a measuring phase 
margin from -180°. They include the negative 
feedback at DC that gives them 180° phase shift 
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at the beginning. In the actual measurement, the 
180° phase shift is compensated at DC and en- 
ables the phase margin to be measured from 0°. 


According to Nyquist’s stability criterion, asystem 
is stable when its phase margin exceeds 0°. 
However, a region of marginal stability exists 
where the system transient response oscillates 
and eventually damps out after a long settling 
time. A system is marginally stable if its phase 
margin is less than 45°. A phase margin above 
45° provides the best dynamic response, short 
settling time and minimal amount of overshoot. 


3.2 Gain-Bandwidth 


The gain-bandwidth is the frequency at which the 
gainis unity. In Figure 4, the gain-bandwidth is the 
crossover frequency, fcs. A major limiting factor of 
the maximum crossover frequency is the power 
supply switching frequency. According to sam- 
pling theory, ifthe sampling frequency is less than 
2 times the frequency of the information, the 
information will not be properly read. 


In a switched mode power supply, the switching 
frequency is seen in the output ripple, which is 
false information and must not be transmitted by 
the control loop. 


ASTEC Semiconductor 


Therefore, the crossover frequency of the system 
must not exceed half the switching frequency. 
Otherwise, the switching noise, the ripple, distorts 
the desired information, the output voltage, caus- 
ing the system to be unstable. 


3.3 Gain 


High system gain contributes significantly to en- 
suring good line and load regulation. It enables 
the PWM comparator to accurately change the 
power switch duty cycle in response to variants in 
the input and output voltage. Often, a tradeoff 
needs to be determined between higher gain and 
lower phase margin. 


4. A Practical Design Analysis 
Example 


Applying classical control loop analysis techniques, 
the control loop of a switching regulator is divided 
into four main stages, output filter, PWM circuit, 
error amplifier compensation, and feedback . Fig- 
ure 5 illustrates a block diagram of the four stages 
and Figure 6 illustrates a power supply circuit 
diagram. 


The output voltage is first divided down by the 
feedback network. The feedback voltage is then 
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fed into an error amplifier, which compares it with 
a reference level and generates an error voltage. 
The pulse width modulation stage takes the error 
voltage and compares with the power transformer 
current and converts it to the proper duty cycle to 
control the amount of power pulsing to the output 
stage. The output filter stage smoothes out the 
chopped voltage or current from the power trans- 
former, completing the feedback control loop. 
The following determines gain and phase of each 
stage and combines them to form the system 
transfer function and the system gain and phase 
plots. 


4.1 Feedback Network, H(s): 
The feedback network divides the output voltage 


PWM CIRCUIT (G2) 
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down to the reference level of the error amplifier. 
Its transfer equation is simply a resistor divider 
equation: 

R2 


H (S) = ———— 1 
RL + RD a 


4.2 Output Filter Stage, G1(s) 


In a current mode control system, the output 
current is regulated to achieve the desired output 
voltage. The output filter stage converts the 
pulsating output current into the desired output 
voltage. Small signal analysis reveals that the 
ESR of the output capacitor and the feedback 
network resistors (Ri + Re = Rep) dictate the 





R., =Rt+R2 (2) 
{ 
Vourisy = lourisy | Ree ! CS eee (3) 
Vours)  R., (1+ ESRCS) 
oe 
OUT(S) (R., + ESR) CS “i | 
~=---- 
I 
I 
Cour , OUT 
a 
aaa | 
OUTPUT 
FILTER 
(G1) 
| 
I 
l 
| 
I 
1 FEEDBACK 
areas eee rere J --1! NETWORK (H) 


ERROR AMP COMPENSATION (G3) 


Figure 6. 
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Figure 7. 


characteristics of the output filter transfer function. 
The circuit analysis of Figure 7 demonstrates the 
effects of ESR and Rsense. 


Transfer equation G1(s) shows an initial low fre- 
quency gain of Reg. The gain starts to roll off at 
foole = 1/2 (R rR+ESR)C and levels off at fzERo = 
1/2 ESRC. The Bode plots of G1(s) are shown in 
Figure 8. 


4.3 PWM Circuit Stage, G2(s) 


The optocoupler circuit transfers the error signal 
created by the error amplifier network to the pri- 
mary side. The AS3842 PWM circuit compares 
the error voltage with current through primary side 
of the power transformer. The duty cycle of the 
power FET is then modulated to supply sufficient 
current to the secondary to maintain a desired 
output level. 


The small signal transferfunction ofthe optocoupler 
has a constant gain proportional to the current 
transfer ratio of the optocoupler, R6,a current limit 
resistor in series with the optocoupler diode, and 


GAIN 


fpoLe fZERO 


AS3842 


the output impedance of the AS3842 error ampli- 
fier. This is discussed extensively in the applica- 
tion note “Secondary Error Amplifier with the 
AS431.* The transfer function from the output of 
the error amplifier to the comp pin of the AS3842 is: 


AV comp 
AV CATHODE 


VoatHope™ Is the cathode voltage of the AS431 and 
the output of the compensation error amplifier. 
CTRis the currenttransfer ratio ofthe optocoupler. 
R6 is the current limit resistor in series with the 
optocoupler diode. Rcomp is the output imped- 
ance of the AS3842 Comp pin when it tries to 
source above its maximum output current. 


After the error signal is transferred to the compen- 
sation pin, it is compared with a current sense 
signal. Figure 9 shows a simplified block diagram 
of the current sense comparator and switching 
stages. 


Inaclosed loop system Vcomp Is maintained in the 
same level as Isense; therefore, lpRimary is effec- 
tively regulated by Vcomp. 


VCOMP 
I pRIMARY = ———— (6) 
R SENS E 
O° 
PHASE | 
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~90° 
fpoLe IZERO 


Figure 8. 
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Figure 9. 


Since IsEconpary, the secondary current or output 
Current, IS proportional to the primary current, 
equation (4) can be rearranged to show a relation- 
ship between secondary current and Vcomp. 


G2(S)= 
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! SECONDARY 
N 


_ Vcomp 


I PRIMARY = 


R SENSE 
_ ! out 
N 





AVcomp _ ¥ sense 
AI out N 


(8) 


The transfer function of PWM stage can be cre- 
ated by combining equation (3) and (6): 


Alour N__ CTR , 
AVCATHODE  Regysp RO OM” (9) 
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Transfer function G2 consists of only gain and no 
phase shift. 


4.4 Error Amplifier Compensation Network,G3(s) 


Once the transfer functions of the output filter and 
PWM circuit stage are determined, the error am- 
plifier compensation network can then be config- 
ured to achieve the optimum system performance. 
Figure 10 illustrates a compensation scheme that 
gives high frequency roll-off and high gain at low 
frequency. 


This compensation scheme has some favorable 
characteristics for error amplifier compensation. 
Ithas very high DC gain and well-controlled roll off. 
4.5 Overall System 

Since this is a linear system, superposition tech- 
nique can be applied to derive the overall system 
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transfer function. By superimposing the gains and 
phases of the stages around the loop, a Bode plot 
of the overall system is generated. The poles and 
zeros of the compensation network can then be 
placed to optimize the system performance. Fig- 
ure 11 combines the Bode plots of the stages and 
180° phase shift is also added to account for the 
negative feedback of the system. 


5. Measurement Results 


A 150-watt current mode forward converter was 
constructed and its small signal loop characteris- 
tics modified to demonstrate its effects on system 
transient response. Figure 12 shows its gain- 
phase plot. As predicted by Figure 11, the same 
Bode plot curvature was acquired. The gain-phase 
shows the system has a phase margin of 86.7°, 
implying a stable system with a fast transient re- 
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Figure 12. Figure 13. 
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sponse. Figure 13 shows the transient response of shownon figure 15. Note that smaller phase margin 
the system. To demonstrate the effects of phase results in greater oscillation and longer settling time. 
margin, the phase margin of the system was Table 1 compares the changes in line and load 
decreased by increasing the overall gain of the regulations between two systems with different gain 
system, increasing the crossover frequency. The magnitudes. As discussed previously, high loop 
phase margin decreases with increasing crossover Gain results in tighter line and load regulation. It 


VEQIeney. cue Peo We etree oe ere should also be noted that a tradeoff has been made 
system with higher cross over frequency and smaller 
between the high phase margin and lower loop gain. 


phase margin of 65°. Its transient response is 
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Load Regulation High Loop Low Loop 6.0 Measurement Techniques 

CGN GIN To guarantee accurate results, the input imped- 
Vin = 85 Vac 127 mV 132 mV ance of the test signal injection node must be 
med ea Vic 101 mV 116 mV larger than its output impedance. In the test circuit 


(Figure 6) where the error amplifier is on the 

eee SSELLL:'‘CL-LLstecondiary side and the PWM circuit Is on the 

Low Load 21 mV 25 mV primary side, the test signal is injected at the 

ceo QUtput of the optocoupler and before the Vcomp 

input of the AS3842. The input impedance is the 

(Table 1.) impedance looking into the Vcomp pin and the 
output impedance is the output impedance of the 
optocoupler. In other applications where the error 
amplifier can not be separated from the PWM 
circuitry, the test signal can be injected following 
the output filter capacitor, in series with the input 
to the error amplifier. 


Line Regulation 


High Load 5 mV 9mV 
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Package Outline Drawings 





The following information applies to all packages: 


1. Dimensions are in SI units (millimeters), except for those in parentheses which are English 
units (inches). 


Shoulder and lead tip dimensions are measured to the centerline of the leads. 
Tolerances are non-cumulative. 

Lead material is copper alloy for all packages. 

Lead finish is solder dip or solder plate. 

Body material is plastic (epoxy). 


Pin 1 is denoted by a® (dot) or (triangle per MIL-STD-38510H, ESDE Class 1) and will 
be silver or white ink, except for those packages which have a molded pin 1 depression. 


NO BF OD 


8. Body dimensions do not include molding flash. 
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2.29 (0.090) 


—> 
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16-PIN PLASTIC DIP (N) 
Dimensions in mm (Inches) 


R 0.76 (0.030) NOM 














7.87(0.310) 
7.37 (0.290) 
0.84 (0.033) 4.32 (0.170) 
0.68 ae 027) 3.56 (0.140) 
SEATING PLANE 
0.36 (0.014) 4 4 
0.20 (0.008) 0.76 (0.030) 
0.51 (0.020) 
7 ~7.62(0.300) a 1.37 (0.054) 
0.53 (0.021) 
0.38 (0.015) 





20-PIN PLASTIC DIP (N) 
Dimensions in mm (Inches) 


R 0.76 (0.030) NOM 


aan Ue 
|. +}. EBUGS IE) 
7.37 (0.290) 26.16 (1.030) 


25.65 (1.010) 


0.84 (0.033) 4.32 (0.170) 
0.68 (0.027) 3.56 (0.140) 


t 














TOIL E 
—— SEATING PLANE i 
0.36 (0.014) a ae 
0.20 (0.008) | 
\ 0.76 (0.030) 
— 10.03 (0.395) 0.51 (0.020) 1.57 (0.062) ie 
~ 7,62(0.300) 1.37 (0.054) 
0.53 (0.021) 
0.38 (0.015) 








19.50 (0.768) 
18.90 (0.744) 




















6.48 (0.255) 
6.22 (0.245) 


1.78 (0.070) 
1.53 (0.060) 


p>———_ |* 


3.56 (0.140) 


4 3.05 (0.120) 


3.43 (0.135) 
2.92 (0.115) 

| 4 
0.81(0.032) 
0.30(0.012) 





2.79 (0.110) 
2.29 (0.090) 


6.48 (0.255) 
6.22 (0.245) 


1.78 (0.070) 
1.53 (0.060) 


——————————" 


3.56 (0.140) 


4 3.05 (0.120) 
aoa We 


3.43 (0.135) 
2.92 (0.115) 


pr 


1.78(0.070) 
1.27(0.050) 





2.79 (0.110) 
2.29 (0.090) 
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Astec Semiconductor's Quality Assurance and Reliability Program utilizes various accelerated life tests 
as tools for establishing reliability status and progress. These tests are performed to identify infant 
mortality and wearout failure mechanisms for specific or generically similar device families. Quality is 
assured from tight control of layout design rules to final electrical testing of assembled parts. Astec 
Semiconductor strives towards continuous improvement of product reliability. 


|. Lot Integrity 


Wafer lot integrity maintained throughout test and assembly. 
ll. 100% Lot Traceability 


Astec Semiconductor maintains 100% lot traceability. Each part is marked with the ASTEC 
logo, part number, wafer lot code, assembly date code, assembly vendor, and country of 
origin (package size permitting). Production wafer travelers will contain test site wafer 
parametric data, wafer sort and yields data, build sheets (mini process, bond pattern, and 
marking specifications), final test yields through assembly, final test data, and Q A test 
results. 


lll. ESD prevention 


ESD prevention is emphasized at all levels of manufacturing and test. An adaptive facility, 
fixturing, clothing and handling techniques are employed consistent with ESD Association 
ADV-2.0 recommendations. 


IV. Wafer Lot Acceptance 


Astec Semiconductor contracts wafer foundry. Wafers are required to pass 5 of 9 test sites 
with 27 electrical specifications of our standard test pattern with incoming inspection 
comprised of over 100 electrical tests. 
Included are: 

e NPN, PNP, Vbe, beta, LVceo, Iceo, BVcbo, BVebo, breakdowns to substrate 

¢ Sheet resistivities for base, emitter, resistor 

¢ MOS Capacitor integrity 
Wafer sort yields standardized by product and die size. Low yield wafers require engineer- 
ing evaluation and disposition. 
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V. Device Reliability 
Each lot subjected to: 
HTRB- High Temperature Reverse Bias to MIL-STD-883C Method 1015.7 
¢ No/low current, operational or max voltage 
¢T,= T)= 125°C 
e Sample size: Est. by MIL-STD 105E ( lot ), 48 hour minimum testing pass/fail based on 
sample criteria. 
Selected lots subjected to long term reliability per the following: 
HTRB- High Temperature Reverse Bias to MIL-STD-883C, Method 1015.7 
¢ No/low current, operational or max voltage 
¢T,= 1,= 125°C 
e Sample size: Est by MIL-STD 105E (lot) with 1000 hours minimum testing, pass/fail 
based on sample criteria. 
OP Life-Operational Life testing: 
¢ Operational voltage and current 
¢ 1) = 150° C, T, adjusted based on power dissipation of the device where low power 
implies 150° C ambient. 150° C temperatures not applicable to circuits with built-in over 
temperature shut down. 
¢ Sample based on 0.1% of lot size for 1000 hours, all failures require engineering 
evaluation and material disposition. 
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VI. Packaging Reliability 


Assembly lots receive the following: 


Autoclave (Pressure Cooker) accelerated storage test: 
e Unbiased 


¢ 121° C, 14.7 psig (2 atm) 


e Sample size: Est. by MIL-STD 105E (lot) for 48 hours minimum. Pass/fail based on 
sample citeria. 


Long Term Reliability: 


Autoclave (Pressure Cooker) accelerated storage test: 
e Unbiased 


¢ 121°C, 14.7 psig (2 atm) 
e Sample selection based on package type and supplier. 


e Sample size: Est. by MIL-STD 105E ( lot ) for 1000 hours minimum, process monitor of 
vendor performance. 
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Milpitas, CA 95035 

Tel: (408) 263-8300 

Fax: (408) 263-8340 


Printed in the U.S.A. 


